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CHAPTER 1. INTRODUCTION 
With the advent of the Montreal Protocol (United Nations Environmental Pro¬ 
gramme, 1987), the refrigeration industry has been searching for and developing en¬ 
vironmentally safe refrigerants known as alternative refrigerants. The development 
of alternative refrigerants also requires the development of compatible lubricants. 
In addition to the search for alternative refrigerants and their respective lubricants, 
there is a desire to increase the efficiency of refrigerating systems because of concern 
for the greenhouse effect. Therefore, to ensure refrigerant-lubricant compatibility and 
to increase efficiency, designers require accurate and extensive data on the solubility, 
density, and viscosity of alternative refrigerant and lubricant mixtures. To realize the 
goals of industry, data on the viscosity, density, and solubility of lubricant/refrigerant 
mixtures at various pressures and temperatures were taken in this study. 
Existing data on the viscosity and solubility of lubricant/refrigerant pairs is 
limited. Before 1990, data were available only at temperatures less than 60°C (140°F). 
Recently, in an ASHRAE sponsored research project, RP-580. Van Gaalen. Zoz, and 
Pate (1991) developed methods of obtaining this data at temperatures up to 150° C 
(300°F) and for pressures up to 3.5 MPa (500 psia). This research was completed 
at Iowa State University for R-22 and R-502 with several different lubricants (Van 
Gaalen et al. 1990 and 1991). Since then, further data has been gathered with the 
2 
property test facility, including the data presented herein. 
Objectives and Scope 
The objective of this research was to obtain data which will be useful for the 
design of refrigerant compressors. Specifically, the data obtained includes the solubil¬ 
ity, viscosity, and density of lubricant/refrigerant mixtures subjected to the following 
conditions. 
• Composition: 0 to 40 weight percent refrigerant 
• Temperature: 40°C to 120°C (104°F to 248°F) 
• Pressure: 0 to 3.5 MPa (0 to 500 psia) 
The data obtained for this report was for HCFC-22. hereafter designated as R-22, 
with seven lubricants, and for HFC-134a, hereafter designated as R-134a, with two 
different lubricants. The lubricant base fluids tested with R-22 consist of naphthenic 
oils, alkylated aromatics, synthesized hydrocarbons, and polv alkylene glycols, while 
esters were tested with R-134a. 
The following chapters discuss the test facility and the methodology which 
has been developed to obtain the required data. The data points are also tabu¬ 
lated, and an uncertainty analysis is documented. Additionally, results for the lu¬ 
bricant/refrigerant pairs studied are presented in the form of graphs and empirical 
correlations. 
CHAPTER 2. LUBRICANT/REFRIGERANT TEST FACILITY 
The experimental equipment described in this chapter includes a multipurpose 
test cell capable controlling the high temperatures and pressures encountered in the 
study of lubricant/refrigerant mixtures. The facility, which was developed as part of 
and ASHRAE sponsored research project, is designed to measure solubility, viscos¬ 
ity, and density for any lubricant/refrigerant mixture over the temperature range of 
20°C (70°F) to 150°C (300°F) and for pressures up to 3.5 MPa (500 psia). Addi¬ 
tional features of the facility include an external flow loop for sampling and for the 
measurement of the liquid viscosity. Also, transducers for measuring the temperature 
and pressure are installed on the test cell. 
Description of the Lubricant/Refrigerant Test Facility 
The major components of the facility are housed in an enclosure as shown in 
Figure 2.1. These components include the test cell, the viscometer and sampling 
loops, and a temperature control flow loop. These system components, as well as 
instrumentation for data acquisition and methods of injecting fluids into the test 
cell, are described in the following sections. 
4 
Figure 2.1: Lubricant/refrigerant test facility 
5 
Test cell 
The test cell is a cylinder constructed of Schedule 120 Type 304 stainless steel 
pipe. It has an outside diameter of 141.3 mm (5.563 in.), and a wall thickness of 
12.7 mm (0.500 in.). The test cell stands upright on one end so that the height of 
the internal volume is 457.2 mm (18 in.). Two diametrically opposite slots 317.5 mm 
(12.5 in.) in length are machined through the cylinder wall so that windows can be 
bolted into position. The windows allow for visual inspection of the contents at all 
times and under all test conditions. Figure 2.2 shows a schematic drawing of the test 
cell. 
Flanges are welded to the pipe section at each end so that 25.4 mm (1 in.) thick 
end plates can be bolted on. The pressure (and vacuum) seal is provided by O-rings 
seated in machined grooves in the wall of the pipe section. Three temperature probes 
and a heating/cooling coil enter the test cell through the top end plate, as depicted 
in Figure 2.2. Ports for pressure measurement, pressure relief, and for filling and 
evacuation of the test cell are also provided in the top plate. Two ports are machined 
into the bottom plate. As shown in Figure 2.3. these ports allow for the exit and 
return of fluid to/from the external viscometer and sampling loops. 
The volume of the test cell and associated loops were determined and the scales 
on the windows calibrated by injecting precise amounts of R-113. The overall volume 
was measured as 5190 mb ± 20 mL (316.5 in.3 ± 1.2 in.3). Calibration of the scales is 
accomplished by noting the height of the liquid level after each of several incremental 
injections of R-113. Thus, the liquid volume can be correlated with liquid level height. 
Therefore, with the total volume known, the vapor volume at each liquid level height 
is also known. Since the room temperature vapor density of R-113 is small, the 
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8 
amount of R-113 present in the vapor during this calibration procedure is negligible. 
A heating/cooling coil enters and exits through the top of the cell. This coil is 
in direct thermal contact with the fluid in the cell. Two other coils are soldered onto 
the exterior of the test cell. The temperature, and hence pressure, of the solution 
under test is then controlled by pumping a constant temperature fluid through these 
coils. The heating fluid is supplied to the coils by a circulating bath. The presence 
of the three coils helps minimize the thermal gradients in the lubricant/refrigerant 
mixture. Additionally, to minimize the heat loss to the environment, a 51 mm (2 in.) 
thick layer of fiberglass insulation is wrapped around the test ceil. 
Windows 
Two diametrically opposite vertical windows are provided on the test cell wall. 
These windows allow for the viewing of the contents of the test cell for density 
determinations, for detecting the presence of more than one liquid phase, and for 
aiding the charging of the test cell. The viewing slots can be seen in Figure 2.1. 
The slots are 304.8 mm (12 in.) long and 12.7 mm (0.50 in.) wide. Scales are 
fastened to the test cell adjacent to the viewing slots. Therefore, the height of the 
liquid-vapor interface can be measured to within ±1/32 inch, which corresponds to an 
uncertainty in the volumes of liquid and vapor present to within ±9 mL. This is less 
than 0.2% of the total cell volume. Each window contains two O-rings that provide 
the pressure seal. These O-rings must be compatible with the lubricant/refrigerant 
mixtures which will be tested. Neoprene O-rings were used with the R-22/lubricant 
mixtures, and Viton O-rings were used with R-134a/lubricant, mixtures. 
9 
Temperature control flow loop 
A schematic diagram of the flow loop for controlling the temperature of the test 
cell is shown in Figure 2.3. The loop has three coils of 9.525 mm (0.375 in.) OD 
Type 304 stainless steel tubing. One is immersed in the test cell through the top 
plate, and the other two are soldered in place on the outside walls of the test cell. 
The interior portion splits into two loops to provide more thermal contact area. Each 
loop extends the length of the cell and is arranged so that it does not obstruct the 
view through the windows. 
A circulating bath with 3-kW heating element delivers the constant temperature 
fluid to the coils. The heating fluid is a poly-alpha-olefin (PAO), which performs well 
at higher temperatures in an open system because of its low viscosity and low volatil¬ 
ity. Since the temperature of the heating fluid in the flow loop is held constant, the 
contents of the test cell eventually reach a steady-state condition. This condition is 
typically achieved from two to three hours after a 10°C (18°F) change in the circulat¬ 
ing bath temperature. Copper-constantan (Type T) thermocouples are installed at 
seven different locations on the outer surface of the test cell to monitor the magnitude 
of the thermal gradients. These surface temperatures differ by a few degrees when 
steady state conditions have been reached. However, since the liquid inside is well 
stirred, its temperature is more uniform. The liquid temperature is measured by four 
internal resistance temperature detectors (RTD ) located in various places throughout 
the cell. Liquid density data is reported at the average of these liquid temperatures. 
10 
Viscometer 
Three viscosity sensors (CAS 1989) are installed in an auxiliary viscometer loop. 
The operation of the viscosity sensor is based on an applied electro-magnetic held 
pulling a cylindrical piston through the fluid in a cylindrical cavity. The internal 
details are provided in the schematic drawing shown in Figure 2.4. The viscosity of 
the fluid is correlated with the time elapsed as the piston travels through a known 
distance. The associated electronics package provides a 0 to 2 volt d.c. signal cor¬ 
related to viscosity. The uncertainty of the viscosity data is ±2.0% of the reading. 
Each sensor also contains an RTD for measurement of the local temperature. This 
temperature is used in the reporting of the viscosity data. Dissipation of electrical 
energy in the drive coils of the sensor causes the fluid in the chamber to heat up. 
This internal self-heating in the viscometer causes the RTD reading to be somewhat 
higher than the temperatures indicated by the RTDs in the test cell during steady- 
state operation. This temperature difference is the highest at the lower end of the 
investigated temperature range. For example, at 40°C the difference is about 3 - 4°C. 
but this difference decreases to about zero at temperatures of 90°C and beyond. This 
decrease to zero offset occurs as the heat losses to ambient become significant. 
The three viscosity sensors have viscosity ranges of 0.1-2 cp. 1-20 cp. and 10-200 
cp, respectively. These ranges overlap, therefore, some limited redundant measure¬ 
ments of viscosity are possible. This increases the confidence in the validity of the 
calibrations of each sensor. The operation of the sensor assumes the solutions to be 
” Newtonian” fluids in which the viscosity is independent of shear rate. Experience 
has shown that this assumption is reasonable. 
When these sensors operate in an equilibrium liquid mixture, internal self-heating 
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in the drive coils of the viscometer tends to cause vapor to flash. These vapor bub¬ 
bles proved to be very disruptive to stable and accurate operation of the viscometer. 
Therefore, it was necessary to construct an external flow loop through which com¬ 
pressed liquid could be pumped to the viscometer for measurement and then returned 
to the test cell. In this manner, vapor would not flash and stable viscosity readings 
could be achieved. Pumping liquid from the test cell raises the pressure of the liquid 
without noticeably affecting the temperature. Also, a small increase in pressure has 
a negligible effect on liquid viscosity. Therefore, the pressurization provides a means 
of preventing vapor formation in the viscometer, while not affecting the accuracy of 
the viscosity data. 
A magnetically driven positive-displacement gear pump with a variable-speed 
motor is used to move the fluid through the external viscosity flow loop and back 
to the test cell, as shown in Figures 2.1 and 2.3. Variable-speed control allows for 
adjustment of flow from almost zero to about 0.095 L/s (1.5 gpm). This provides the 
needed pressurization of the liquid in the loop while limiting uncontrolled heating 
of the fluid due to the addition of pumping power. A pressure gauge is installed in 
the loop to monitor the pressure increase. A valve is located immediately after the 
pressure gauge in the loop. This valve can be adjusted, along with the flow rate, to 
produce the required pump discharge pressure at a reasonable flow rate. 
The chamber that contains the viscometers is constructed from a 1.25 in. NPT 
(31.75 mm) stainless steel pipe cross. Each of the three viscosity sensors is threaded 
into a branch of the pipe cross, while the fourth branch is plugged for possible future 
use. Fluid enters the chamber through a fitting in the side of the pipe cross, and flows 
around the active portion of the sensors before returning to the test cell through the 
13 
6.35 mm (0.25 in.) diameter return line. An RTD is also threaded into the side of 
the pipe cross to provide a check of the temperature. 
Valves are located at the inlet and exit of the chamber so that it may be isolated 
for disassembly. To allow removal of fluid after isolation of the chamber from the test 
cell, a vacuum/drain port is connected to the return line. This port also allows for 
the necessary evacuation of the chamber after reinstallation into the loop. The total 
volume of this external viscosity loop is 57.5 mL (3.51 in.3), which is about 1.2% of 
the total system volume. 
Sampling loop 
A sampling loop is connected in parallel with the viscosity loop. The sampling 
cylinder may be independently isolated and removed from the system for measure¬ 
ments of the liquid composition. The sampling loop is constructed from a 75 mL (4.6 
in.3) cylinder with two union bonnet valves on each side, as illustrated in Figure 2.3. 
When taking a sample, all four valves are closed to isolate the chamber from the rest 
of the system. The inner valves are closed to ensure that no fluid escapes from the 
sampling cylinder when it is removed. A vacuum/drain port is also provided to help 
in removal and reinstallation of the cylinder. The total volume of the sampling loop is 
79 mL (4.8 in.3). Disturbances of test cell conditions are minimized during sampling 
since the volume of the sampling loop is only 1.6%; of the total system volume. 
Equipment enclosure 
Although all components of the facility are insulated, a frame and panel en¬ 
closure was constructed to provide additional isolation from the room environment. 
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The enclosure consists primarily of plywood, steel framing, and fiberglass ductboard. 
although, plexiglass viewports are included for the viewing of the test facility. The 
enclosure provides greater thermal uniformity and stability. It also provides a mea¬ 
sure of protection to operators in the event of a high-pressure leak of the hot lubri¬ 
cant/refrigerant mixture. In addition, the enclosure allows accessibility and visibility 
for proper operation and monitoring. 
Data acquisition 
Computerized data acquisition methods are used to obtain viscosities, temper¬ 
atures, and pressures. A microcomputer, a digital multimeter, and a switching unit 
provide a sufficient number of channels to monitor and record all signals generated 
by the installed sensors. A summary of the range and precision of the sensors is given 
in Table 2.1. 
Two pressure transducers are in contact with the test cell contents via a port 
machined into the top plate. One is a bonded strain gauge pressure transducer, and 
the second pressure transducer employs a capacitance-sensing element. The pressure 
transducers were calibrated with the use of a dead-weight pressure tester. These 
calibrations indicated that the output signals of both transducers are linear with 
pressure and that they match the factory calibrations. The pressure data uncertainty 
is ±3.24 kPa (0.47 psi). 
Five platinum RTDs independently track the temperature of the contents of 
the test facility. One monitors the test cell vapor space temperature. A second 
RTD is inserted into the pipe cross containing the viscometers, and the other three 
monitor the liquid temperature at various depths in the test cell. Each RTD was 
Table 2.1: Summary of instrument ranges and precision 
Instrument Range Precision 
Bonded Strain Gauge Pressure Transducer 0 - 500 psia 
(0 - 3.5 MPa) 
±0.75 psia 
(± 5.1 kPa) 
Variable Capacitance Pressure Transducer 0 - 500 psia 
(0 - 3.5 MPa) 
±0.55 psia 
(± 3.8 kPa) 
Viscometer 0.1 - 2000 cp ± 2% rdg. 
Platinum RTD and Signal Conditioner 
-50° C - ±150°C 
(-58°F - +302° F) 
±0.1°C 
(±0.2°F) 
Copper-constantan Thermocouple -270°C - ±400°C 
(-455°F - +750°F) 
±0.2°C 
(±0.4°F) 
Concentration Measurements 0 - 100% ±1% 
connected with the required current transmitter, load resistor, and power supply 
and then calibrated. The current transmitters (signal conditioners) used with the 
RTDs linearize the response, providing a 4- to 20-mA signal that is linear over the 
temperature range -50°C (-58°F) to 150°(1 (300°F). This signal produces a l- to 5- 
volt output when measured across a 250-ohm load resistor. This voltage output is 
then monitored by the data acquisition equipment. The calibration of output voltage 
vs. temperature showed that all of these RTDs provide a linear response. These 
temperature measurements have an uncertainty of ±0.1°C (0.2°F). 
To monitor thermal gradients in the wall . nine tvpe-T thermocouples are affixed 
to the exterior surface of the test cell. These thermocouples are connected through 
the switching unit to an electronic ice-point reference junction. The output is then 
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monitored by the digital voltmeter. The uncertainty in these temperature readings 
is estimated as ±0.2°C (0.4°F). 
System Calibration Check 
The calibrations of the instruments were checked by running tests with pure R- 
22, two ASTM standard calibration fluids, and several pure lubricants whose proper¬ 
ties were readily available. Figure 2.5 shows a comparison between measured vapor 
pressures of pure R-22 and saturation pressures published by ASHRAE (1989). The 
measured values agree to within 0.7% of the published values. The data in Table 2.2 
indicates close agreement between published viscosities and those measured by one 
of the viscosity sensors. Another one of the sensors was checked against a Cannon- 
Table 2.2: Calibration of viscosity sensor (Van Gaalen 1991) 
Liquid Temperature 
(°C) (°F) 
Measured Value 
(cp) 
Published Value 
(q?) 
% Diff. 
(±0.5%) 
K3 100.0 212.0 0.892 0.878 + 2 
Calibration 86.9 188.4 1.04 1.04 0 
Fluid 66.6 151.9 1.40 1.39 + 1 
52.0 125.6 1.79 1.77 + 1 
18.0 118.4 1.91 1.92 + 1 
K6 110.5 230.9 1.23 1.23 0 
Calibration 97.1 206.8 1.55 1.50 ± 3 
Fluid 87.1 188.8 1.77 1.75 + 1 
79.8 175.6 2.05 1.99 + 3 
70.5 158.9 2.38 2.37 + o 
Fenske capillary tube viscometer. A direct comparison between the two viscometer 
measurements is not possible since the Cannon-Fenske measures dynamic viscosity. 
However, with a known density, the dynamic viscosity value can be converted to 
3
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absolute viscosity for comparison. Therefore, the viscosity and density of several 
lubricants at 40°C (104°F) were measured and they were found to agree to within 
l.-T/c . which is within the uncertainty band of the instrumentation. 
Lubricant/Refrigerant Charging 
The charging of lubricant or refrigerant into the cell is achieved with the use of 
a piston cylinder. The cylinder is used in the same manner as a syringe in that the 
refrigerant or lubricant is drawn into the cylinder and then injected into the cell. Both 
the lubricant and refrigerant are injected with the use of a stainless steel cylinder of 
617.8 mL (37.7 in.3) having a 50.8 mm (2-in.) bore with a 304.8 mm (12-in.) stroke. 
The cylinder displacements were calibrated with the use of R-113. The calibrated 
volume agrees with the above value to within ±2 mL (0.1 in.3). 
The presence of a "solid’’ charge of subcooled liquid refrigerant in the injection 
cylinder is checked by applying nitrogen pressure well above the vapor pressure of 
the refrigerant. If no rod movement is noticed, then there is no refrigerant vapor 
condensing in the cylinder. The cylinder is connected to the test cell with 6.35 mm 
(0.25 in.) diameter lines. With the application of the pressurized nitrogen gas to the 
rod side of the cylinder, the charging valve on the test cell is opened to allow the 
contents of the cylinder to be discharged. A scale is mounted directly behind the 
rod so that a partial injection of a given volume can be made. In other words, by 
determining in advance the required displacement, the charging can be stopped when 
the rod reaches the appropriate position. 
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Summary 
A versatile lubricant/refrigerant test facility has been described which can pro¬ 
vide critically needed property data, especially at high pressures and temperatures, 
for a wide variety of lubricant/refrigerant mixtures. The facility incorporates a com¬ 
mercially available viscometer and windows for observation of the contents. The 
facility can be used for determination of the solubility, viscosity, and density of lu¬ 
bricant/refrigerant mixtures with refrigerant compositions ranging from 0 to 100%. 
Operating temperatures of the test facility range from 20°C (70°F) to 150°C (300°F). 
The operating pressure ranges from 0 to 3.5 MPa (0 to 500 psia). Viscosities from 
0.1 cp to 200 cp can be measured. 
The chapters that follow outline the experimental methods and provide experi¬ 
mental results of mixtures of R-22 and seven lubricants and mixtures of R-134a and 
two lubricants. 
20 
CHAPTER 3. EXPERIMENTAL PROCEDURES AND DATA 
REDUCTION 
In addition to constructing the test facility, procedures were developed for ac¬ 
curate and convenient measurement of the solubility, viscosity, and density of a wide 
range of lubricant/refrigerant solutions. This chapter provides a discussion of the ex¬ 
perimental procedures that were employed to collect the data that will be presented 
in later chapters. 
General Experimental Procedures 
The methods used to charge and operate the test facility depend upon the range 
of compositions and conditions desired in a particular test. A typical operating pro¬ 
cedure for collecting data over a range of liquid-phase compositions involves several 
operations. These operations are described in more detail later in this chapter. They 
include evacuating the test cell and auxiliary flow loops, injecting of the necessary 
lubricant and refrigerant quantities, operating the gear pump to provide good mixing, 
heating the test cell and contents to the desired temperature, ensuring steady-state 
conditions, and taking the data. Cooling of the vessel contents to room temperature 
is then required in order to change the liquid concentration by injecting a known 
amount of lubricant or refrigerant. 
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The data acquisition system described earlier measures pressure, temperature, 
and viscosity automatically, while the liquid level height is measured manually. The 
recording of liquid level height at each test condition allows for the calculation of 
liquid density. This level reading also permits a calculation of the actual liquid 
composition, which varies slightly with temperature because of variations in the vapor 
and liquid densities. These topics will be explained more fully below. 
Rig cleansing 
Prior to the injection of any fluid for testing, the test cell and auxiliary loops are 
rinsed several times with R-113 to remove traces of any lubricant that had previously 
been tested. After rinsing, if the vessel fails to hold a vacuum or set pressure, the 
O-rings that seal the windows may have to be replaced. 
Data measurement 
After the connecting lines from the charging cylinder are attached to a valve on 
the test cell and these lines along with the cell and the auxiliary loops are evacuated, 
measured amounts of refrigerant and lubricant can be injected to provide a desired 
volume and concentration of liquid. Usually, the lubricant is injected first, and a 
pure lubricant ’’run” is completed. Specifically, data is obtained for the pure lubricant 
first, and then consecutive additions of refrigerant are possible. This method serves to 
remove the dissolved air and water from the lubricant since it is heated and evacuated 
during the first test. Also, the height of the test cell is sufficient to accommodate the 
addition of 40% (by mass) refrigerant to the initial lubricant charge. 
During the charging process, the circulating pump aids the mixing of the fluids. 
The contents are then heated to the desired maximum temperature and allowed to 
reach steady-state. The maximum temperature, during runs that contain refrigerant, 
is governed by the limiting test cell pressure of 3.5 MPa (500 psia). Once a steady- 
state condition has been reached, the temperature, pressure, viscosity, and height 
of the liquid-vapor interface are recorded. After all of the data are recorded, the 
contents are allowed to cool to the next desired test temperature. Data are collected 
at several steady-state test points during the cool-down phase. 
The pressure reported is the average of the pressures indicated by the two trans¬ 
ducers. This solubility pressure is reported at a liquid-vapor interface temperature, 
which is the average of the temperature of the RTD in contact with vapor only and 
the average liquid temperature. The average liquid temperature is the mean of the 
temperatures indicated by the four RTDs immersed in the liquid in the test cell and 
in the pipe cross located in the flow loop containing the viscometers. The liquid den¬ 
sity is reported at this average liquid temperature. The viscosity is reported at the 
temperature measured by an RTD inside the viscometer. As discussed in Chapter 2. 
this temperature is generally slightly higher than the average liquid temperature due 
to the internal self-heating of the viscometer. Twenty consecutive viscosity readings 
are recorded and the mean and standard deviation are computed. The data is kept 
if the percent standard deviation, defined as the standard deviation divided by the 
mean, is less than 1%. 
Lubricant/refrigerant sample evaluation 
After the data for a given mixture have been collected over the desired tempera¬ 
ture range and the test cell and contents have been returned to the room temperature. 
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the sample cylinder is isolated and removed so that the mass fraction of refrigerant 
in the liquid can be determined. The procedure for determining the composition and 
liquid density of the lubricant/refrigerant mixture sample is discussed in the following 
paragraph. 
After removal, the full sample cylinder is weighed, and then, one valve is cracked 
to carefully vent off the refrigerant. The cylinder is then heated, and the remain¬ 
ing refrigerant is evacuated so that the chamber now contains only lubricant. The 
chamber is weighed again. Next, using a suitable solvent, the lubricant is removed. 
Finally, the empty chamber is weighed so that the net weights of the lubricant, the 
refrigerant, and the mixture can be found by differences. The mixture composition 
can be calculated directly to an estimated uncertainty of ±1%. With the volume of 
the sampling chamber known, the mixture density can also be calculated. 
The temperature, pressure, and liquid level at which the sample was removed 
are also noted. These values allow for back-calculating the total masses of refrigerant 
and lubricant that are in the vessel. The total masses are then compared with the 
amounts originally injected. These values generally agree to within ±1.5%. 
At this point, lubricant or refrigerant may be added or the refrigerant may be 
vented to alter the concentration of the contents of the test cell so that another set 
of data can be obtained. 
Mixture concentration and density determination 
During any particular run. the vapor mass varies as the temperature and pres¬ 
sure change, due to refrigerant vapor density changes. Also, as the temperature 
varies, the liquid density varies causing changes in the liquid and vapor volumes. For 
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these reasons, the liquid concentration varies as the temperature and pressure change 
during any particular run. Generally, this variation in refrigerant concentration as 
temperature and pressure change during any particular test is less than 3%. There¬ 
fore, for the above reasons, the liquid density and composition must be calculated at 
each test condition. The following paragraphs explain these calculations in detail. 
The test cell volume contains a vapor volume assumed to be composed of pure 
refrigerant and a liquid volume composed of a refrigerant-lubricant mixture. The 
relative volumes of each can be calculated through the measurement of the height 
of the corresponding liquid-vapor interface, which was previously correlated with the 
liquid volume. The total cell volume is known, so the vapor volume can also be 
calculated. Therefore, by noting the liquid level height at each test condition, the 
volumes of vapor and liquid are known. 
From the injection process and also from the sample calculations, the total mass 
of refrigerant and the total mass of the lubricant in the test cell is known. The vapor 
density can be obtained from the known vapor temperature and pressure. The vapor 
density is computed using a property routine based on work by Reynolds (1979), 
however, any accurate property relation or table could be used. With the vapor 
density and the vapor volume, the mass of refrigerant in the vapor is calculated. 
The mass of refrigerant in the liquid is calculated by subtracting the mass of the 
refrigerant in the vapor from the total mass of refrigerant in the cell. Finally, bv 
dividing the mass ol refrigerant in the liquid by the total liquid mass, the liquid 
composition at each test condition can be calculated. Also, since the volume and 
mass of the liquid is known, the liquid density can be calculated for each test point. 
It should be noted that the densities and compositions are not calculated by 
using the ideal mixing assumption, but, rather, they are determined from actual test 
data. As described earlier, a liquid sample is taken at one temperature during each 
run to check the composition and mixture density. 
Data Reduction 
In addition to the calculations of the actual liquid composition and density, 
correlating equations that fit the data are derived. These correlating equations fit 
pressure, density, and viscosity as functions of temperature and liquid composition. 
As discussed, the pressure, viscosity, temperature, and liquid level are measured for 
each test point. From this data, calculations are performed to determine the liquid 
density and composition at each test condition. This procedure was presented in a 
previous section during a discussion of experimental procedures. A detailed example 
of these calculations and the associated uncertainties is provided in Appendix A. 
Once the composition and density are determined for each data point, the data 
set consists of the viscosity, pressure, and density for combinations of the liquid com¬ 
position and temperature. A useful and convenient presentation of these results can 
be made through the development of correlating equations for viscosity, pressure, 
and density as functions of composition and temperature. A discussion of the tech¬ 
niques which were used to derive coefficients for the empirical correlating equations 
is presented in the following section. 
Data correlation technique 
After all the data have been collected and reduced, it is gathered into one file so 
that a nonlinear regression analysis may be performed. Thus, equations for viscosity. 
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pressure, and density as functions of temperature and concentration can be obtained. 
These equations can be used to reproduce the data, graphically plot results, or in¬ 
terpolate results at intermediate states for which data were not directly obtained. 
The linear regression algorithm, obtained from a library of mathematical and statis¬ 
tical subroutines (IMSL 1989), is provided in the Fortran subroutine RGIVN. This 
subroutine determines the set of coefficients for the following empirical equations. 
l°gio^ = AQ + A\(J + A20 + A8C0 + A4C2 (3.1) 
+ A5C20 + A6C92 + A702 + A8C202 
p = BQ + BiC + B26 + B3C9 + B4C2 (3.2) 
+ B5C29 + BeCO2 + B792 + B8C202 
PL = D0 + D4C + D26 + D3C0 + D4C2 (3.3) 
+ D8C29 + DeC02 + D702 + D8C292 
where 
p = absolute viscosity, centipoise (cp), 
P = the absolute pressure, MPa. 
pL = the density of the liquid, g/mL, 
C = the mass fraction of refrigerant in the liquid, and 
0 = the temperature in K divided by 
a reference temperature of 293.15K. 
The above equations are nonlinear, but they are linearized using the following 
variable substitutions. 
■Vi = C; 
X5 = C20: 
X2 = 0: 
X6 = CO2: 
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-V3 = CO: 
X7 = 02; 
X4 = C2: 
X8 = C202 
After these substitutions, equations are linear in the eight variables AT through Xg. 
For example, 
P = BQ + B\X\ + B> .Yo + BgXg + B4X4 (3.4) 
+ Br, As + BgXg + BJXJ + BgX8 
The resulting equations are empirical fits of the data, and are not based on the¬ 
oretical considerations. Also, some of the coefficients do not significantly contribute 
to the correlation. These coefficients are identified with the use of another subrou¬ 
tine, RSTAT. RSTAT provides statistical information about the significance of each 
of the coefficients in the above equations and calculates regression coefficients as an 
indication of the overall goodness-of-fit of each equation. 
Repeatability 
Repeatability studies of the test facility were undertaken by using mixtures of 
R-22 and lubricant A. A test run was completed, and after the data set was reduced, 
correlating equations were derived. Eight months later the process was repeated in 
that another set of data and correlating equations were obtained. Figures 3.1 through 
3.3 compare the results. As can be inferred from the plots, these data show good 
repeatability. 
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Summary 
The operation of the lubricant/refrigerant test facility has been described in 
detail. Experimental procedures and data reduction techniques, including the cor¬ 
relating equations, have been outlined. Additionally, some data presented in this 
chapter show that the test results are repeatable. Data obtained with this test facil¬ 
ity for R-22 and seven lubricants and R-134a and two lubricants are presented in the 
following chapters. 
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CHAPTER 4. R-22 AND LUBRICANT SOLUTION PROPERTY 
RESULTS 
This chapter presents results of solubility, viscosity, and density measurements 
for R-22 in seven test lubricants, designated lubricants A, B, D, E, F, G, and H. 
First, some characteristics of the test lubricants are presented and the experimental 
data is discussed. Then, the results of the regression analysis are given in the form 
of coefficients for empirical equations and some goodness-of-fit plots are presented. 
The correlations are then presented graphically, and a complete list of the actual 
experimental data are tabulated in Appendix B. 
Lubricant Characteristics 
Table 4.1 shows some properties of the seven lubricants A, B, D. E. F. (1. and 
H. The base fluid for each lubricant is given along with the density and viscosity at 
various temperatures. The flash and pour points are also listed. The densities at 
40°C range from a low of 0.808 g/mL and a high of 0.987 g/mL for lubricants B and 
G, respectively. The viscosities range from a high of 123.6 cSt for lubricant F and a 
low of 29.0 cSt for lubricant B, both evaluated at a temperature of 40°C. The flash 
points for these lubricants range from 178°C for lubricant A to 242°C for lubricant 
F. As can be seen from Table 4.1, the pour points for these lubricants is generally 
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around -40°C. with the extremes of -54°C for lubricant B and -27°C for lubricant H. 
Results and Discussion 
Results of the measurements with R-22 in each lubricant are presented below. 
For every lubricant/refrigerant combination investigated, the data set at each nominal 
liquid composition consists of temperature, pressure, actual composition, absolute 
viscosity, and density. These data for each of the nominal concentration tests are then 
compiled into one file to complete the data set for each lubricant/refrigerant pair. As 
described in the previous chapter, a nonlinear regression analysis is performed on this 
data set to find the best set of coefficients of the correlating equations. It should, be 
emphasized that the correlating equations are empirical fits of the data, and are not 
based on theoretical considerations. The results of this regression are then provided 
graphically as well as in the form of the empirical correlations. 
Raw Data 
Tables 4.2 through 4.4 provide samples of the tabular experimental data for 
R-22/lubricant A solutions. Table 4.2 tabulates vapor pressure versus temperature 
for various liquid compositions. Tables 4.3 and 4.4 provide density and viscosity 
data, respectively, as a functions of temperature and liquid composition. Three sepa¬ 
rate tables are required since the vapor pressure, density and viscosity are reported at 
slightly different temperatures, as is discussed in Chapter 3. Additionally, these tables 
represent only a part of the data obtained from the study of lubricant A. Appendix B 
contains a complete tabulation of all of the experimental data for lubricant A as well 
as the data for the lubricants B, D, E, F, G, and H. Figures 4.1 through 4.3 show plots 
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Table 4.2: Experimental solubility (vapor pressure) data for R-22 and lubri 
solutions (partial listing) 
perature Pressure Concentr 
(C) (MPa) (mass fr 
120.27 0.0000 0.000 
109.67 0.0000 0.000 
99.57 0.0000 0.000 
91.04 0.0000 0.000 
80.89 0.0000 0.000 
69.88 0.0000 0.000 
60.74 0.0000 0.000 
51.73 0.0000 0.000 
40.11 0.0000 0.000 
39.03 0.0000 0.000 
126.09 1.8692 0.094 
115.73 1.7184 0.096 
104.45 1.5491 0.098 
94.69 1.4083 0.100 
83.13 1.2369 0.103 
72.47 1.0899 0.105 
62.68 0.9641 0.108 
53.59 0.8488 0.110 
38.25 0.6657 0.113 
96.55 3.3162 0.268 
96.71 3.3249 0.268 
87.76 2.9559 0.273 
78.79 2.6089 0.277 
69.70 2.2617 0.282 
59.09 1.9086 0.287 
48.62 1.5811 0.292 
39.22 1.3204 0.296 
39.36 1.3240 0.296 
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Table 4.3: Experimental density data for R-22 and lubricant A solutions 
listing) 
partial 
perature Density Concentr 
(C) (g/mL) (mass fr 
120.27 0.844 0.000 
109.67 0.851 0.000 
99.57 0.857 0.000 
91.04 0.862 0.000 
80.89 0.868 0.000 
69.88 0.875 0.000 
60.74 0.882 0.000 
51.73 0.887 0.000 
40.11 0.893 0.000 
39.03 0.894 0.000 
129.70 0.860 0.094 
118.90 0.867 0.096 
107.20 0.876 0.098 
97.03 0.883 0.100 
85.16 0.891 0.103 
73.99 0.898 0.105 
63.73 0.905 0.108 
54.15 0.912 0.110 
38.31 0.922 0.113 
98.93 0.916 0.268 
98.97 0.916 0.268 
89.65 0.926 0.273 
80.38 0.935 0.277 
71.06 0.944 0.282 
59.81 0.954 0.287 
49.07 0.965 0.292 
39.36 0.974 0.296 
39.37 0.974 0.296 
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Table 4.4: Experimental viscosity data for R-22 and lubricant A solutions (partial 
listing) 
perature Viscosity Concentrat 
(C) (cP) (mass frac 
112.03 2.73 0.000 
112.15 2.73 0.000 
104.89 3.19 0.000 
94.56 4.05 0.000 
87.52 4.83 0.000 
80.00 5.95 0.000 
71.29 7.69 0.000 
63.35 10.02 0.000 
56.51 12.83 0.000 
49.20 17.24 0.000 
48.30 17.73 0.000 
45.58 20.17 0.000 
46.39 19.55 0.000 
38.87 28.01 0.000 
37.94 29.28 0.000 
37.12 30.37 0.000 
119.84 1.47 0.083 
108.33 1.79 0.086 
99.83 2.09 0.088 
91.88 2.43 0.090 
84.32 2.87 0.092 
75.75 3.42 0.094 
67.26 4.21 0.097 
59.19 5.16 0.099 
52.14 6.30 0.102 
46.61 7.39 0.103 
44.12 7.97 0.104 
87.54 0.82 0.351 
75.98 0.96 0.360 
68.40 1.07 0.366 
60.47 1.23 0.371 
55.54 1.34 0.374 
39.04 1.86 0.381 
42.34 1.76 0.380 
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of some of the experimental data for R-22/lubricant A solutions. Figure 4.1 shows 
that for a nominal concentration the vapor pressure increases with temperature. Also. 
Figure 4.1 demonstrates that the vapor pressure increases as the refrigerant concen¬ 
tration is increased. Figure 4.2 shows that for a nominal concentration the liquid 
density decreases with temperature. Also, Figure 4.2 demonstrates that the density 
increases as the refrigerant concentration is increased, with the reason being that the 
pure refrigerant density is greater than the pure lubricant density. This is true for 
all of the lubricants in this study. Figure 4.3 shows that for a nominal concentration 
the viscosity decreases with temperature. Also. Figure 4.3 demonstrates that the 
viscosity decreases as the refrigerant concentration is increased. These figures rep¬ 
resent only a part of the data obtained from the study of lubricant A. Appendix B 
contains figures that provide a more complete presentation of the experimental data 
for lubricant A as well as the data for the lubricants B, D, E, F, G, and H. 
Correlating Equations 
The coefficients for the correlating equations, as derived for lubricant A are given 
in Table 4.5. Figures 4.4 and 4.5 show that the correlations for solubility and vis¬ 
cosity of the R-22/lubricant A solutions are well fit to the test data, generally within 
±5%. Plots showing goodness-of-fit for the density correlations are not given because 
the fits were well within ±1%. Plots showing goodness-of-fit data for lubricants B. 
D, E, F, G, and H are not presented because the plots are very similar to the results 
for lubricant A. 
It should be noted that when using the correlations in lieu of the graphs care 
must be taken to avoid extrapolation beyond the limits of applicability. These limits 
Table 4.5: Coefficients for empirical correlations of viscosity, pressure, and density 
data for R-22/lubricant A solutions 
Term Viscosity (Eq. 3.1) Pressure (Eq. 3.2 !) Density (Eq. 3.3) 
Intercept A0 = 14.325 B0 = 0.0000 D0 = 1.0917 
C Ax = -11.147 Bx = -15.5620 Dx = 0.0000 
0 A2 = -18.719 B2 = 0.0000 D2 = -0.1844 
ce A3 = 6.3900 Bs = 0.0000 D3 = 0.3999 
c2 A4 = 3.3945 B4 = 231.86 D4 = 1.1269 
c2e A5 = 0.0000 Bh =-393.55 Dh = -1.0327 
ce2 A6 = 0.0000 Bo = 19.7805 Do = -0.1502 
e2 A7 = 6.2028 B7 = 0.0000 D7 = 0.0000 
C292 A8 = 0.0000 Bs = 157.51 D8 = 0.0000 
Note: The limits of applicability of the correlations are: 
Composition - 0 to 40 weight percent Refrigerant-22 
Temperature - 40°C to 120°C (104°F to 248° F) 
{0: 1.07 to 1.44) 
Pressure - 0 to 3.5 MPa (0 to 500 psia) 
of applicability are given along with the coefficients in Table 4.5. The coefficients for 
the correlating equations, as derived for lubricants B. D. E, F, G, and H, are given 
in Tables 4.6 through 4.11. 
Graphical Results 
With the use of the above correlating equations, plots of solubility, viscosity, and 
density can be produced. Graphical results for the solubility of R-22 in lubricants A 
through H for solutions of 0 to 40 weight percent R-22 are given in Figures 4.6 through 
4.12. These figures, which are plots of pressure vs. refrigerant concentration for a 
range of temperatures, shows that the pressure increases with increasing refrigerant 
concentration and temperature. 
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EXPERIMENTAL PRESSURE, MPA 
Figure 4.4: Goodness-of-fit of pressure correlation with experimental data for solu¬ 
tions of R-22 in lubricant A 
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Figure 4.5: Goodness-of-fit of viscosity correlation with experimental data for solu¬ 
tions of R-22 in lubricant A 
Table 4.6: Coefficients for empirical correlations of viscosity, pressure, and density 
data for R-22/lubricant B solutions 
Term Viscosity (Eq. 3 .1) Pressure (Eq. 3.2) Density (Eq. 3.3) 
Intercept A0 = 10.019 Bo = 0.0000 Do = 0.8911 
C Ay = -6.666 By = -48.291 Di = 0.2687 
9 A2 = -12.062 B2 = 0.0000 D2 = 0.0000 
C9 A3 = 3.318 B3 = 51.942 D3 = 0.0000 
C2 A4 = 1.361 B4 = 45.223 D4 = 0.0000 
C29 A5 = 0.0000 As =-50.089 Ds = 0.8439 
C92 Ae = 0.0000 Be = 0.0000 As = 0.0000 
92 A7 = 3.685 B7 = 0.0000 D7 = -0.0729 
C292 A8 = 0.0000 Bs = 0.0000 D9 = -0.778 
Note: The limits of applicability of the correlations are: 
Composition - 0 to 40 weight percent Refrigerant-22 
Temperature - 40°C to 120°C (104°F to 248°F) 
(9: 1.07 to 1.44) 
Pressure - 0 to 3.5 MPa (0 to 500 psia) 
Table 4.7: Coefficients for empirical correlations of viscosity, pressure, and density 
data for R-22/lubricant D solutions 
Term Viscosity (Eq. 3.1) Pressure (Eq. 3."2 !) Density (Eq. 3.3) 
Intercept Ao = 13.401 B0 = 0.0000 D0 = 1.038 
C Ai = -10.468 By = 0.0000 Dy = 0.2168 
9 A2 = -16.702 B2 = 0.0000 D2 = -.1801 
C9 A3 = 5.843 B3 = -26.398 D3 = 0.0000 
C2 A4 = 2.337 B4 = 130.052 D4 = 0.0000 
C29 A5 = 0.0000 A =-216.788 D5 = 1.061 
C92 A6 = 0.0000 Be = 30.363 De = 0.0000 
92 A7 = 5.331 B7 = 0.0000 D7 = 0.0000 
C292 A8 = 0.0000 Bs = 83.139 D8 = -0.8267 
Note: The limits of applicability of the correlations are: 
Composition - 0 to 40 weight percent Refrigerant-22 
Temperature - 40°C to 120°C (104°F to 248°F) 
(9: 1.07 to 1.44) 
- 0 to 3.5 MPa (0 to 500 psia) Pressure 
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Table 4.8: Coefficients for empirical correlations of viscosity, pressure, and density 
data for R-22/lubricant E solutions 
Term Viscosity (Eq. 3 .1) Pressure (Eq. 3.2) Density (Eq. 3.3) 
Intercept A0 = 5.392 B0 = 0.0000 Do = 1.121 
C Ax = -3.109 Bx = 0.0000 Dx = 0.0000 
0 A2 = -3.760 B2 - 0.0000 D2 = -0.2169 
ce A3 = 0.0000 B3 = -29.651 D3 = 0.2250 
c
2 A4 = 82.517 B4 = 34.330 D4 = 1.0684 
C20 A5 = -153.177 Bh = -36.480 Ds = -0.8541 
ce2 A6 = 0.0000 B& = 32.437 Do = 0.0000 
02 AT = 0.0000 B7 = 0.0000 D7 = 0.0000 
C20 2 .48 = 71.633 B8 = 0.0000 D8 = 0.0000 
Note: The limits of applicability of the correlations are: 
Composition - 0 to 40 weight percent Refrigerant-22 
Temperature - 40°C to 120°C (104°F to 248°F) 
(0: 1.07 to 1.44) 
Pressure - 0 to 3.5 MPa (0 to 500 psia) 
Table 4.9: Coefficients for empirical correlations of viscosity, pressure, and density 
data for R-22/lubricant F solutions 
Term Viscosity (Eq. 3.1) Pressure (Eq. 3.2 !) Density (Eq. 3.3) 
Intercept A0 = 16.721 Bo = 0.0000 Do = 0.9830 
C Ax = -10.851 Bx = -16.464 Dx = 0.0000 
0 A2 = -21.180 B2 = 0.0000 D2 = 0.0000 
ce A3 = 5.957 B3 = 0.0000 D3 = 0.0000 
c2 A4 = 0.0000 B4 = 0.0000 D4 = 0.0000 
c2e A5 = 0.0000 Bo = 21.440 Do = 2.211 
ce2 Ao = 0.0000 Bo = 20.871 Do = 0.3194 
02 A7 = 6.975 B7 = 0.0000 D7 = -0.0879 
c2e2 As = 1.4598 Bs = -28.043 Ds = -2.045 
Note: The limits of applicability of the correlations are: 
Composition - 0 to 40 weight percent Refrigerant-22 
Temperature - 40°C to 120°C (104°F to 248°F) 
(0: 1.07 to 1.44) 
0 to 3.5 MPa (0 to 500 psia) Pressure 
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Table 4.10: Coefficients for empirical correlations of viscosity, pressure, and density 
data for R-22/lubricant G solutions 
Term Viscosity (Eq. 3.1) Pressure (Eq. 3.2) Density (Eq. 3.3) 
Intercept o II 
'‘
 
G
O
 
to
 
B0 = 0.0000 
-T
-M
 
OJ
 
II
 
o
 
Q
 
C .4i = -5.429 Bx = 48.316 D i = 0.0000 
9 A2 = -14.180 B2 = 0.0000 D2 = -0.2406 
ce ,43 = 2.745 B3 =-104.096 D3 = 0.1724 
c2 A4 = 0.0000 B4 = 0.0000 £>4 = 0.0000 
C29 As = 0.0000 Bh = 0.0000 Ds = 1.103 
ce2 As = 0.0000 Be = 56.977 De = 0.0000 
92 A7 = 4.495 B7 = 0.0000 Dr = 0.0000 
C292 As = 0.0000 Bs = 0.0000 D8 = -0.9393 
Note: The limits of applicability of the correlations are: 
Composition - 0 to 40 weight percent Refrigerant-22 
Temperature - 40°C to 120°C (104°F to 248°F) 
{9: 1.07 to 1.44) 
Pressure - 0 to 3.5 MPa (0 to 500 psia) 
Table 4.11: Coefficients for empirical correlations of viscosity, pressure, and densitv 
data for R-22/lubricant H solutions 
Term Viscosity (Eq. 3.1) Pressure (Eq. 3.2) Density (Eq. 3.3) j 
Intercept A0 = 16.433 B0 = 0.0000 Do = 1.047 
C .4! = -13.795 Bx = -14.072 Dl = 0.8166 
9 A2 = -21.045 B2 = 0.0000 D2 = -0.1776 
C9 A3 = 8.026 B3 = 0.0000 D3 = -0.5128 
C2 A4 = 3.407 B4 = 200.837 D4 = 9.229 
C29 A5 = 0.0000 Bs =-340.356 Ds = -16.926 
C92 A6 = 0.0000 Be = 17.261 De = 0.0000 
92 A7 = 6.892 B7 = 0.0000 D7 = 0.0000 
C292 As = 0.0000 Bs = 138.358 Ds = 7.727 
Note: The limits of applicability of the correlations are: 
Composition - 0 to 40 weight percent Refrigerant-22 
Temperature - 40°C to 120°C (104°F to 248°F) 
(0: 1.07 to 1.44) 
- 0 to 3.5 MPa (0 to 500 psia) Pressure 
48 
R
E
F
R
I
G
E
R
A
N
T
 
C
O
N
C
E
N
T
R
A
T
I
O
N
.
 
M
A
S
S
 
F
R
A
C
T
I
O
N
 
49 
cn ai ** o o 
vdw ‘sansssad 
R
E
F
R
I
G
E
R
A
N
T
 
C
O
N
C
E
N
T
R
A
T
I
O
N
.
 
M
A
S
S
 
F
R
A
C
T
I
O
N
 
50 
CVJ ^ o o 
VdW '3dnSS3dd 
z 
o M 
H 
u 
< 
cr 
lL 
w 
U) 
< 
z 
z' □ 
< 
tr 
i- 
z 
UJ 
u 
Z 
o 
u 
h- 
Z 
< 
CE 
HI 
CO H 
cr 
LL 
UJ 
CE 
cn 
Fi
gu
re
 
1
.8
: 
So
lu
bi
lit
y 
o
f 
K
-2
2 
in
 
lu
ln
ua
iit
 
I) 
51 
CVJ 'H 
VdW '3dnSS3Ud 
m o o 
R
E
F
R
I
G
E
R
A
N
T
 
C
O
N
C
E
N
T
R
A
T
I
O
N
.
 
M
A
S
S
 
F
R
A
C
T
I
O
N
 
52 
CVJ 
vdw *3dnss3dd 
cn o o 
R
E
F
R
I
G
E
R
A
N
T
 
C
O
N
C
E
N
T
R
A
T
I
O
N
.
 
M
A
S
S
 
F
R
A
C
T
I
O
N
 
53 
cn cu -H o o 
vdw ’adnssBhid 
z 
o 
H 
t- 
u 
< 
DC 
LL 
Cfl 
cn 
< 
z 
z‘ Q 
H 
I- 
< 
tr 
H- 
Z 
UJ 
u 
z 
o 
u 
I- 
z 
< 
a: 
ILI 
CD 
i-t 
CE 
U. 
LL) 
CE 
Fi
gu
re
 
1.
11
: S
ol
ub
ili
ty
 
ol
 
R-
22
 
in
 
lu
br
ic
an
t 
(J 
54 
cn ' cu •TH o o 
VdW *3dnSS3dd 
R
E
F
R
I
G
E
R
A
N
T
 
C
O
N
C
E
N
T
R
A
T
I
O
N
.
 
M
A
S
S
 
F
R
A
C
T
I
O
N
 
55 
Figures 4.13 through 4.19 provide the results of the correlation equations for ab¬ 
solute viscosity as a function of temperature and refrigerant mass fraction. It should 
be noted that-this semilogarithmic graph is different from an AST'M chart where 
kinematic viscosity is plotted vs. temperature on non-linear axes. The temperature 
range is from 40°C (104°F) to 120°C (248°F) . Similarly, the results for the mixture 
density are given in Figures 4.20 through 4.26. In these figures, the curves for the 
specified compositions are truncated at various temperatures. These endpoints rep¬ 
resent the limits for which the correlation is applicable, and correspond roughly to 
test conditions at which the pressure approached the maximum limit. 
Miscibility 
As for many two component mixtures, there is a range of compositions and 
temperatures for which the two components are insoluble in each other. For some 
refrigerant/lubricant pairs there is a region of partial solubility called an immiscible 
region (i.e. immiscibilitv). For the most part, this immiscibilitv occurs at tempera¬ 
tures less than 20°C (68°F), but occasionally an ’’upper” immiscibilitv occurs. This 
is the case for lubricant H. For lubricant H. an immiscibilitv was noticed at a nominal 
concentration of 49% and at temperatures greater than 70°C. These conditions are 
outside of the range of applicability of the previously presented graphs and correla¬ 
tions. Therefore, the immiscibilitv presents no further limitations on the correlations 
and graphical results for lubricant H. No immiscibilitv was observed for any of the 
other lubricant/R-22 mixtures. 
1
0
0
 
56 
o 
OJ 
UJ 
z 
O I- 
H z 
I- UJ 
< u tr tr 
H UJ 
z Q. 
UJ 
U I- 
Z I 
0 0 
U H 
UJ 
CU s 
CM 
1 Z 
tr H 
o o 
CD (0 o 
dD ‘AlISODSIA 
T
E
M
P
E
R
A
T
U
R
E
,
 
1
0
0
 
01 
U 
UJ 
CE 
D 
h* 
< 
cr 
LU 
a. 
z 
LU 
H 
O 
0 
o 
0 
o o 
C\J 2 0 0 C\J 
d3 ‘A1IS03SIA 
Fi
gu
re
 
4
.1
4
: 
A
bs
ol
ut
e 
v
is
co
si
ty
 
o
f s
o
lu
tio
ns
 
o
f 
R.
-2
2 
a
n
d 
lu
br
ic
an
t 
B 
2
2
 
C
O
N
C
E
N
T
R
A
T
I
O
N
S
 
58 
o 
<U 
H- 
Z 
li) 
0 
d 
UJ 
0. 
H 
1 
0 
H 
UJ 
2 
I z 
tr H 
iiii i 
o o o 
O CD (D O OJ ° CD CD OJ 
O 
o 
0 
01 
o 
oo 
o 
N 
O 
CO 
O 
in 
o ■<1 
CJ 
UJ 
tr 
D 
I— 
< 
cr 
UJ 
OL 
z 
UJ 
I- 
o 
dO •A1IS03SIA 
Fi
gu
re
 
4
.1
5:
 A
bs
ol
ut
e 
v
is
co
si
ty
 
o
f s
o
lu
tio
ns
 
o
f R
-2
2 
a
n
d 
lu
br
ic
an
t 
I) 
59 
o 
CVJ 
o O o 
o CD ID o 
dD 'AXISOOSIA 
OJ 
Fi
gu
re
 
i.K
i: 
A
bs
ol
ut
e 
v
isc
os
ity
 
o( 
so
lu
tio
ns
 
ot
 
R-
22
 
an
d 
lu
br
ic
an
t 
E 
2
2
 
C
O
N
C
E
N
T
R
A
T
I
O
N
S
 
60 
o 
u 
in 
n 
D 
I- 
< 
CE 
HI 
CL 
Z 
HI 
dD ’AlISODSIA 
Fi
gu
re
 
4
.1
7
: 
A
bs
ol
ut
e 
v
isc
os
ity
 
o
f s
o
lu
tio
ns
 
o
f 
R.
-2
2 
a
n
d 
lu
br
ic
an
t 
F 
61 
o 
ru 
in 
z 
O H 
H Z 
I- UJ 
< CJ 
DC DC 
H- UJ 
Z Q. 
UJ 
U K 
Z I 
O 0 
U H 
UJ 
(U 2 
CU 
1 z 
CC M 
l I I I 
o 
o 
o 
GO 
o 
to o ru GO to ru 
o 
TH 
TH 
O 
o 
o 
CD 
O 
CD 
O 
CJ 
UJ 
DC 
D 
H 
< 
tr 
UJ 
CL 
z 
LU 
K 
o 
CD 
o 
in 
o 
o 
dD ‘A1IS03SIA 
Fi
gu
re
 
l.
F
S
: 
A
bs
ol
ut
e 
v
is
co
si
ty
 
o
t 
so
lu
tio
ns
 
o
l 
R
-2
2 
a
n
d 
lu
br
ic
an
t 
C 
10
0 
62 
o 
Fi
gu
re
 
4
.1
9:
 A
bs
ol
ut
e 
v
is
co
si
ty
 
o
f s
o
lu
tio
ns
 
o
f 
R-
22
 
a
n
d 
lu
br
ic
an
t 
H 
63 
o o o o 
EVWO/6 'A±ISN3a 
o 
CYJ 
o 
o 
o 
o 
cn 
o 
CD 
O 
Is- 
O 
ID 
O 
ID 
O 
^T 
U 
ID 
cr 
D 
H 
< 
CE 
ID 
d 
Z 
ID 
I- 
Fi
gu
re
 
4.
21
): 
D
en
si
ty
 
o
f s
o
lu
tio
ns
 
o
f 
R-
22
 
a
n
d 
lu
br
ic
an
t 
A 
64 
E^UUD/6 ‘ AJ.ISN3Q 
o o o o 
Fi
gu
re
 
1.
21
: D
en
sit
y 
of
 
so
lu
tio
ns
 
of
 
R-
22
 
an
d 
lu
br
ic
an
t B
 
65 
o 
CV1 
TH 
in o in o in 
o o cn m GO 
TH TH o o o 
E ^UJD/B ’xiisNaa 
o 
o 
TH 
o 
0) (J 
LU 
cr 
D 
O H 
OD < 
cr 
LU 
CL 
z 
LU 
O H 
N 
O 
CD 
O 
in 
in 
o 
o o 
Fi
gu
re
 
4.
22
: 
D
en
si
ty
 
o
f s
o
lu
tio
ns
 
o
f 
R-
22
 
a
n
d 
lu
br
ic
an
t 
D 
66 
o 
o in o in o in o 
o o cn cn GO CO 
rl TH TH o o o o 
u 
LU 
cr 
D 
I- 
< 
cr 
LU 
Q. 
z 
LU 
E^UJO/B ’AlISNBa 
Fi
gu
re
 
4
.2
3
: 
D
en
si
ty
 
o
f 
so
lu
tio
ns
 
o
f 
R
-2
2 
a
n
d 
lu
br
ic
an
t 
E 
67 
o 
o in O in o in o TH o O 01 01 CD CD 
TH TH o o o O 
E^UJO/6 ‘AIISNBQ 
ft 
'V 
3 
-3 
S 
r>\ 
w 
o 
•a 
o 
o co 
o 
>> 
co 
V 
-r* 
<U 
So 
£ 
68 
0 
01 
w 
z 
O H 
H Z 
1- UJ 
< U tr cr 
h- UJ 
Z £L 
LU 
U K 
Z X 
0 0 
CJ H 
UJ 
01 2 
01 
1 Z 
X H 
1,11 
ID 
u 
UJ 
X 
D 
H 
< 
X 
UJ 
X 
z 
UJ 
I- 
E VUJ3/B ‘A-LISNBQ 
O 
Fi
gu
re
 
1
.2
5:
 D
en
si
ty
 
o
t 
so
lu
tio
ns
 
o
l 
R
-2
2 
a
n
d 
lu
br
ic
an
t 
C
 
2
2
 
C
O
N
C
E
N
T
R
A
T
I
O
N
S
 
W
E
I
G
H
T
 
P
E
R
C
E
N
T
 
69 
E„UJ3/6 'A1ISN30 
Fi
gu
re
 
4.
26
: D
en
sit
y 
of
 
so
lu
tio
ns
 
of
 
R-
22
 
an
d 
lu
br
ic
an
t H
 
70 
Summary 
Data has been collected for solutions ol R-22 in the seven test lubricants A. B, D, 
E, F, G, and H. These tests provide solubility, density, and viscosity information for 
temperatures as high as 120°C (248°F) and for pressures up to 3.5 MPa (500 psia). 
The results are presented as solubility, viscosity, and density charts. The solubility 
chart shows pressure as a function of temperature, while the viscosity and density 
charts show liquid viscosity and liquid density as functions of refrigerant concentra¬ 
tion, respectively. Also provided are empirical correlating equations (applicable only 
over the range of data collected) that allow convenient interpolation of the data. 
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CHAPTER 5. R-134A AND LUBRICANT SOLUTION PROPERTY 
RESULTS 
This chapter presents results of solubility, viscosity, and density measurements 
for R-134a in two test lubricants, designated lubricants J and K. First, some charac¬ 
teristics of the test lubricants are presented, and the experimental data is discussed. 
Then, the results of the regression analysis are given in the form of coefficients for 
empirical equations, and some goodness-of-fit plots are also presented. The correla¬ 
tions are then presented graphically, and actual experimental data are presented in 
Appendix B. 
Lubricant Characteristics 
Table 5.1 shows some properties of the two lubricants J and K. The base fluid 
for each lubricant is given along with the density and viscosity at various tempera¬ 
tures. The densities at 40° C are 0.985 g/mL and 0.968 g/mL for lubricants J and 
K, respectively. The viscosities at 40°C of lubricants J and K, respectively, are 23.94 
cSt and 42.29 cSt. As can be seen from Table 5.1. the flash point of both lubricants 
is around 250°C, and the pour point of each lubricant is around -50°C. 
liable 5.1: Test lubricant properties 
Lubricant J K 
Base fluid Ester Ester 
Density 
g/mL 
40°C 0.985 0.968 
100°C 0.940 0.924 
Viscosity 
cSt 
40°C 23.94 42.29 
100°C 4.88 6.77 
Flash Point 
°C 250 247 
Pour Point 
°C <-54 -51 
Results and Discussion 
Results of the measurements with R-134a in each lubricant are presented below. 
For every lubricant/refrigerant combination investigated, the data set at each nominal 
liquid composition consists of temperature, pressure, actual composition, absolute 
viscosity, and density. These data for each of the nominal composition tests are 
then compiled into one file to complete the data set for each lubricant/refrigerant 
pair. As described in Chapter 3, a nonlinear regression analysis is then performed 
on this data set to find the best set of coefficients of the correlating equations. The 
correlating equations are empirical fits of the data, and are not based on theoretical 
considerations. The results are then provided graphically as well as in the form of 
these empirical correlations. 
Raw Data 
Tables 5.2 through 5.4 provide samples of the tabular experimental data tor R- 
134a/lubricant J solutions. Table 5.2 tabulates vapor pressure versus temperature lor 
various liquid compositions. Tables 5.3 and 5.4 provide density and viscosity data, 
respectively, as a functions of temperature and liquid composition. Three separate 
tables are required since the vapor pressure, density and viscosity are reported at 
slightly different temperatures, as is discussed in Chapter 3. Additionally, these tables 
represent only a part of the data obtained from the study of lubricant J. Appendix 
B contains a complete tabulation of all of the experimental data for lubricants .] 
and K. Figures 5.1 through 5.3 show plots of some of the experimental data for 
R-134a/lubricant J solutions. Figure 5.1 shows that for a nominal concentration 
the pressure increases with temperature. Also, Figure 5.1 demonstrates that the 
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Table 5.2: Experimental solubility (vapor pressure) data for R-I34a and lubricant 
J solutions (partial listing) 
Temperature Pressure 
(C) (MPa) 
122.02 • 0.0000 
112.72 0.0000 
103.14 0.0000 
93.92 0.0000 
83.78 0.0000 
75.08 0.0000 
64.60 0.0000 
55 .87 0.0000 
46.22 0.0000 
41.88 0.0000 
76.07 0.6798 
126.16 1.2709 
116.48 1.1515 
106.30 1.0250 
95.82 0.8953 
86.38 0.7894 
76.06 0.6744 
65.96 0.5687 
55.97 0.4744 
46.01. 0.3884 
40.63 0.3449 
106.49 2.7265 
120.97 3.2826 
111.23 2.9028 
100.12 2.4737 
89.14 2.0730 
78.47 1.7318 
67.72 1.4214 
58.89 1.1937 
49.35 0.9705 
42.26 0.8263 
Concentration 
(mass fraction R-134a) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.093 
0.082 
0.084 
0.086 
0.089 
0.091 
0.093 
0.096 
0.098 
0.100 
0.101 
0.262 
0.253 
0.259 
0.265 
0.272 
0.278 
0.283 
0.287 
0.290 
0.293 
Table 5.: 
to 
!: Experimental density data for R-ld4a and lubricant J solutions (partial 
listing) 
perature Density Concentr; 
(C) (g/mL) (mass fr 
122.02 0.924 0.000 
112.72 0.925 0.000 
103.14 0.936 0.000 
93.92 0.943 0.000 
83.78 0.950 0.000 
75.08 0.956 0.000 
64.60 0.963 0.000 
55.87 0.970 0.000 
46.22 0.977 0.000 
41.88 0.980 0.000 
74.42 0.988 0.093 
122.29 0.948 0.082 
113.01 0.956 0.084 
103.24 0.964 0.086 
93.06 0.973 0.089 
84.12 0.981 0.091 
74.23 0.989 0.093 
64.64 0.998 0.096 
55.05 1.006 0.098 
45.59 1.011 0.100 
40.66 1.016 0.101 
103.59 0.983 0.262 
117.47 0.971 0.253 
108.41 0.980 0.259 
97.71 0.993 0.265 
87.15 1.006 0.272 
77.01 1.017 0.278 
66.81 1.028 0.283 
58.41 1.037 0.287 
49.29 1.047 0.290 
42.51 1.054 0.293 
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Table 5.4: Experimental viscosity data for R-144a and lubricant .1 solutions (partial 
listing) 
Temperature 
(C) 
Viscosity Concentration 
(cP) (mass fraction R-134a) 
122.02 2.89 0.000 
112.72 3.38 0.000 
103.14 4.04 0.000 
93.99 4.83 0.000 
84.49 6.01 0.000 
76.35 7.23 0.000 
66.53 9.50 0.000 
58.36 11.79 0.000 
49.32 15.28 0.000 
45.26 18.02 0.000 
75.73 4.73 0.093 
122.29 2.01 0.082 
113.01 2.34 0.084 
103.24 2.73 0.086 
93.18 3.21 0.089 
84.81 3.80 0.091 
75.55 4.62 0.093 
66.57 5.63 0.096 
57.59 6.96 0.098 
48.73 8.73 0.100 
44.12 10.41 0.101 
103.59 1.27 0.262 
117.47 1.07 0.253 
108.41 1.20 0.259 
97.71 1.38 0.265 
87.65 1.59 0.272 
78.15 1.85 0.278 
68.60 2.20 0.283 
60.74 2.54 0.287 
52.20 3.03 0.290 
45.85 3.47 0.293 
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pressure increases as the refrigerant concentration is increased. Figure 5.2 shows 
that for a nominal concentration the liquid density decreases with temperature. Also. 
Figure 5.2 demonstrates that the density increases as the refrigerant concentration 
is increased, with the reason being that the pure refrigerant density is greater than 
the pure lubricant density. Figure 5.3 shows that for a nominal concentration the 
viscosity decreases with temperature. Also. Figure 5.3 demonstrates that the viscosity 
decreases as the refrigerant concentration is increased. These figures represent only a 
part of the data obtained from the study of lubricant J. Appendix B contains figures 
that provide a more complete presentation of the experimental data for lubricants J 
and K. 
Correlating Equations 
The coefficients for the correlating equations, as derived for lubricant J and K. 
are given in Tables 5.5 and 5.6. respectively. Figures 5.4 through 5.5 show that the 
correlations for solubility and viscosity of the R-134a/lubricant K solutions are well 
fit to the test data, generally within ±5%. Plots showing goodness-of-fit for the 
density correlations are not given because the fits were well within ±lc/c. Also, plots 
showing goodness-of-fit data for lubricant J are not shown since similar plots would 
result. 
It should be noted that when using the correlations in lieu of the graphs care 
must be taken to avoid extrapolation beyond the limits of applicability. These limits 
of applicability are given along with the coefficients. 
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Table 5.5: Coefficients for empirical correlations of viscosity, pressure, and density 
data for R-134a/lubricant J solutions 
Term Viscosity (Eq. 3.1) Pressure (Eq. 3.2) Density (Eq. 3.3) 
Intercept AQ = 9.466 D0 = 0.0000 Do = 1.220 
C A\ = -4.543 Bi = 48.990 Di = 0.2787 
o A2 = -11.300 B2 = 0.0000 D2 = -0.2201 
CO A3 = 2.094 B3 =-109.787 D3 = 0.0000 
c
2 A4 = 0.0000 B4 = 21.707 DA = 0.0000 
C20 A5 = 0.0000 Ba = -23.644 D<y = 0 • 0 ( 0 ( 
CO2 Ae = 0.0000 Be = 63.120 De = 0.0000 
o
2 A7 = 3.421 B7 = 0.0000 D7 = 0.0000 
c
2
o
2 As = 0.0000 Bs = 0.0000 Da = 0.6368 
Note: The limits of applicability of the correlations are: 
Composition - 0 to 40 weight percent Refrigerant-134a 
Temperature - 40° C to 120° C (104°F to 248° F) 
{0: 1.07 to 1.44) 
Pressure - 0 to 3.5 MPa (0 to 500 psia) 
Table 5.6: Coefficients for empirical correlations of viscosity, pressure, and density 
data for R-134a/lubricant K solutions 
Term Viscosity (Eq. 3.1) Pressure (Eq. 3.'2 !) Density (Eq. 3.3) 
Intercept >>
 
O II — 
I 
CO
 
CO
 
Bo = 0.0000 Do = 1.195 
C A{ - -7.548 B{ = 23.075 D, = 0.2325 
0 A2 = -14.253 B2 = 0.0000 D> = -0.2130 
CO Az = 3.853 B3 — -65.560 D3 = 0.0000 
c2 A4 = 1.220 B4 = 111.835 D4 = 4.022 
C20 A5 = 0.0000 Bs =-179.893 Ds = -6.066 
CO2 As = 0.0000 Be = 44.389 De = 0.0000 
o
2 
AT = 4.423 ba
 II c
 S O
 
o
 
D7 = 0.0000 
C202 .4S = 0.0000 B8 = 67.210 Da = 2.1854 
Note: The limits of applicability of the correlations are: 
Composition - 0 to 40 weight percent Refrigerant-134a 
Temperature - 40°C to 120°C (104°F to 248°F) 
(0: 1.07 to 1.44) 
0 to 3.5 MPa (0 to 500 psia) Pressure 
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Figure o. I 
EXPERIMENTAL PRESSURE. MPA 
Goodness-of-Ht of pressure correlation with experimental data lor sc 
tions of R-134a in lubricant K 
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Figure o.o: Goodness-of-fit of viscosity correlation with experimental data toi solu 
tions of R-134a in lubricant K 
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Graphical Results 
With the use of the above correlating equations, plots of solubility, viscosity, and 
densitv can be produced. Graphical results for the solubility of R-134a in lubricants J 
and K for solutions of 0 to 40 weight percent R-134a are given in Figures 5.6 through 
5.7. These figures, which are plots of pressure vs. refrigerant concentration for a 
range of temperatures, shows that the pressure increases with increasing refrigerant 
concentration and temperature. 
Figures 5.8 and 5.9 provide the results of the correlation equations for absolute 
viscosity as a function of temperature and refrigerant mass fraction. It should be 
noted that this semilogarithmic graph is different from an ASTM chart where kine¬ 
matic viscosity is plotted vs. temperature on non-linear axes. The temperature range 
is from 40°C (104°F) to 120°C (248°F). Similarly, the results for the mixture density 
are given in Figures 5.10 and 5.11. In these figures, the curves for the specified com¬ 
positions are truncated at various temperatures. These endpoints represent the limits 
for which the correlation is applicable, and correspond roughly to test conditions at 
which the pressure approached the maximum limit. 
Miscibility 
As discussed in the previous chapter, for many lubricant/refrigerant mixtures 
there is a range of compositions and temperatures for which the two components 
are insoluble in each other. A region in which two components are partially soluble 
is termed an immiscible region. For most refrigerant and lubricant combinations, 
this immiscibilitv occurs at temperatures less than 20°C (68°F). but occasionally 
an upper” immiscibility occurs. This was the case for R-22 in lubricant II. and 
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this phenomena also is expected to occur with R-134a and some esters. However, 
no immiscibility was encountered during any of the tests with R-134a and the two 
lubricants J and K. 
Summary 
Data has been collected for solutions of R-134a in the two test lubricants J and 
K. These tests provide solubility, density, and viscosity information for temperatures 
as high as 120°C (248°F) and for pressures up to 3.5 MPa (500 psia). The results are 
presented as solubility, viscosity, and density charts that give pressure as a function 
of temperature and liquid viscosity and liquid density as functions of refrigerant 
concentration. Also provided are empirical correlating equations (applicable only 
over the range of data collected) that allow convenient interpolation of the data. 
CHAPTER 6. CONCLUSIONS 
A lubricant/refrigerant test facility has been described, a methodology has been 
developed to provide critically needed property data, and data has been obtained and 
correlated at high pressures and temperatures for a wide variety of lubricant/refrigerant 
mixtures. The test facility can be used for determination of the solubility, viscosity, 
density, and miscibility of lubricant/refrigerant mixtures. The facility incorporates a 
commercially available viscometer, as well as windows for observation of the contents. 
The viscosity measurement range is from 0.1 cp to 200 cp, but this range may be 
easily extended. Precise and convenient charging of mixtures with refrigerant compo¬ 
sitions ranging from 0 to 100% can be provided. Operating temperature and pressure 
ranges for the test facility are 20°C (70°F) to 150°C (300°F). and 0 to 3.5 MPa (0 to 
500 psia). respectively. 
Experimental procedures for the operation of the test facility have been de¬ 
scribed. Data reduction techniques, including the correlating equations, were out¬ 
lined. Data presented shows that the instrumentation is accurate and that the results 
are repeatable. The facility has been successfully employed to obtain experimental 
results lor mixtures of R-22 in seven test lubricants as well as for mixtures of R-131a 
in two separate lubricants. 
Data for solutions of R-22 in each of the test lubricants. A, B, D. E, F, G. and H. 
have been collected. These tests provide solubility, density, and viscosity information 
for temperatures as high as 120 °C (248 °F) and for refrigerant mass fractions from 0 
to 40%, subject to a maximum pressure limitation of 3.5 MPa (500 psia). The results 
are presented as solubility, viscosity, and density charts that give pressure, liquid 
viscosity, and liquid density as functions of temperature and refrigerant concentration. 
Empirical correlating equations (applicable only over the range of data collected) that 
allow convenient interpolation of the data are also presented. 
Data for solutions of R-134a in lubricants J and K have been collected over a 
range of test conditions similar to those discussed above for R-22. Immiscibilitv, 
which is sometimes expected of R-134a/lubricant solutions, was not observed for 
either of the test lubricants. The solubility, viscosity, and density results for these 
solutions is presented in a manner similar to that of the R-22/lubricant results. 
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APPENDIX A. UNCERTAINTY ANALYSIS 
The experimental uncertainties for the data measurements are determined from 
either instrument calibration curves or from propagation-of-error methods. For ex¬ 
ample, the uncertainties for pressure, temperature, and viscosity are determined from 
calibration equations for their respective instruments while the uncertainties of the 
liquid density and composition are determined from a propagation-of-error method 
discussed by Beckwith, Buck, and Marangoni (1982). Details of the uncertainty 
analysis are provided in the following sections. 
Uncertainties for Pressure, Temperature, and Viscosity Data 
The pressure, temperature, and viscosity sensors all produce output voltages 
which are channelled to a Hewlett-Packard 3457A multimeter. This multimeter is 
capable of d.c. voltage measurements to within it 1 microvolt, and if the transducers 
were all perfectly accurate, this voltage measurement uncertainty would translate 
to extremely low uncertainties in the pressure, temperature, and viscosity measure¬ 
ments. For example, the calibration equation for the bonded strain gage pressure 
transducer is 
P = 20.067 • V + 0.1685 (AT) 
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where P is the pressure in psia and V is the output voltage in mV. Therefore, an 
output voltage uncertainty of ± 1 microvolt (0.001 mV) would result in an uncertainty 
of the pressure of about 0.02 psia, which is approximately 3% of the manufacturers 
specified uncertainty. Although these measurement uncertainties are insignificant, 
non-linearities inherent in the transducers contribute significantly to the uncertainty 
of the viscosity, density, and pressure data. These uncertainties will be discussed in 
the following sections. 
Uncertainty of the pressure data 
As shown in the previous section, the voltage measurement uncertainty is much 
less than the uncertainty of the pressure data due to the non-linearity (or inaccu¬ 
racy) of the transducer as specified by the manufacturer. For the bonded strain 
gauge transducer, the manufacturer’s specification on non-linearity is 0.15% of full 
scale output, or 0.0375 mV. This translates to an uncertainty in the pressure of ± 
0.75 psi. This is far greater than the ± 0.02 psi uncertainty arising from the volt¬ 
age measurement system, as noted before. Therefore, for the bonded strain gauge 
transducer, the uncertainty of the pressure is taken to be ± 0.75 psi. Similarly, the 
uncertainty of the pressure data from the capacitance sensing pressure transducer is 
± 0.55 psi. The reported pressure at each test condition is the average of the two 
pressure readings so that the resulting (root mean square) uncertainty is ± 0.17 psi. 
Uncertainty of the temperature data 
All temperatures are measured with the use of platinum resistance temperature 
detectors (RTDs) matched with signal conditioners. Each signal conditioner produces 
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a current output signal of 4 to 20 mA which is linear with temperature over the 
predetermined temperature range. The signal is then read as a voltage drop of 1 to 5 
volts across a load resistor. For this RTD, signal conditioner, and load resistor set-up, 
the calibrated accuracy is ± 0.05% of the temperature span. The temperature span 
was specified to be 200°C, or 360°F (from -60°F to 300°F), when ordered from the 
manufacturer. Since the uncertainty of the voltage measurement system is negligible, 
as shown before, the uncertainty is taken as ± 0.1°C (0.2°F). 
Uncertainty of the viscosity data 
The reported viscosity at each test condition is the mean of 20 consecutive vis¬ 
cosity readings for which the percent standard deviation, defined as the standard 
deviation divided by the mean, is less than 1%. The manufacturers stated uncer¬ 
tainty of the viscosity data is ± 2%'of the individual reading. Each viscosity sensor 
outputs a voltage of 0.1 to 2 volts with the output voltage corresponding to its vis¬ 
cosity range. For the most frequently used sensor, with the viscosity range of 1 to 
20 centipoise, the resulting uncertainties of the individual readings vary from ± 0.02 
to ± 0.4 cp. As noted before, the uncertainty in the voltage measurement system is 
negligible. 
Uncertainty of the Liquid Density 
As stated earlier, the uncertainty of the liquid density and composition is esti¬ 
mated using a propagation-of-error method. The particular method is suggested by 
Beckwith, Buck, and Marangoni( 1982). It states that for a function f = /(.t. y. z....). 
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the uncertainty of / can be estimated by the following general propagation equation: 
(A.2) U f = 
where Ux, Uy, and Uz are the uncertainties in the variables x, y, and 2. As an example, 
consider the case where the function is a product or ratio of terms, / = x • y/z. The 
relative uncertainty may then be expressed in the form: 
Ul 
f 
'U3 X 
X 
u U 
+ — + — :A.3) 
Both of these forms of the propagation equation are used in the following analysis. 
The basic equation for the liquid density is 
mL 
PL = \.4) 
where mj, is the mass of the liquid in the cell and Vj, is the volume that the liquid 
occupies. The relative uncertainty of pi is 
U, PL 
' T r \ ^ / T J 
^ in L \ , I Vi 
+ A.')! 
PL V V mL j \ VL 
where Umj and l. ’v, are the uncertainties of the mass of the liquid in the cell and of 
the liquid volume, respectively. These uncertainties are calculated in the following 
sections. Since the determination of UvL is more straightforward, it is discussed first, 
and then, a propagation-of-error method is used to calculate UmL for an example 
case. 
Uncertainty of the liquid volume 
The calibration equation for the liquid volume is 
VL = 274.66 • h - 4393.6 (A.6) 
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where the liquid volume, V/. is in milliliters (mL) and h is the height of the liquid- 
vapor interface in inches. As discussed in Chapter 2, h is measured using a steel scale 
attached to the window of the cell. An arbitrary reference value of 20 inches has been 
assigned to the bottom of the 12-inch long window slot. The smallest divisions on 
the scale are sixteenths of an inch. Therefore, the uncertainty in the level reading, 
Uhi is 1/32 of an inch or approximately 0.031 inch. The corresponding uncertainty 
of the liquid volume is UvL = 274.26 • Uh = 8-6 mL. 
Uncertainty of the liquid mass 
The determination of the uncertainty of the mass of liquid in the cell is compli¬ 
cated. This is due to the successive additions and sample withdrawals that are made 
as the refrigerant concentrations are changed during the course of a typical test run. 
Details of the determination of the uncertainty of the liquid mass follow. 
The total mass of liquid in the test cell at any particular test condition is 
m/, = mo,inj + - rns - mpy (A.7) 
where is the mass of lubricant injected at the start of testing. mpjril is the 
sum of the masses of initial and subsequent injections of refrigerant into the cell, nis 
is the total mass of liquid removed from the cell due to sampling since the initial 
injections of lubricant and/or refrigerant, and mpy is the mass of the vapor, which 
is assumed to be pure refrigerant. The uncertainty of the mass of the liquid is then: 
+ (Cms? + (V„R,.)2 (A.S) 
Each of the four terms contributing to UmL must be determined, and each are 
examined for the following example test situation. 
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History: 
• Test run beginning with pure lubricant 
• Refrigerant added in 4 separate injections to allow testing at liquid com¬ 
positions of 10%, 20%, 30%, and 40% refrigerant mass fraction 
• One sample withdrawn at the end of testing of each composition including 
pure lubricant 
Current conditions: 
• Liquid composition: XR = 41.4% (refrigerant mass fraction) 
• Liquid level: h = 29.78” at 57.4°C 
• Liquid and vapor volumes: Vj, = 3774 mL: VV = 1413 mL 
• Vapor conditions: P = 1.846 MPa at 59.3°C 
• Total lubricant injected: mo,inj = 2375 g 
• Total refrigerant injected: = 1650 g 
• Room temperature density of the lubricant: po = 0.87 g/mL 
• Room temperature density of the liquid refrigerant: pRti = 1.210 g/mL 
• Total liquid removed in prior samplings: ms = 292 g 
Lubricant and refrigerant portions: = 247 g: = 45 g 
• Contents remaining: mo = 2128 g: mp = 1605 g 
• Refrigerant distribution: mR.r, = 1500 g; mp.v = 105 g 
Uncertainty of the mass of lubricant injected: The mass of lubricant 
injected is 
mO.inj — Vo PO (A.9) 
where Vo is the volume of lubricant injected at room temperature and po is the 
density of the pure lubricant, and, therefore, the relative uncertainty of the mass ol 
lubricant injected is  
l 
' 
mO,tnj 
mO,inj 
Uvo 
Vo 
2 
+ (A.10) 
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The volume of lubricant Vo = H • F, where H is the total stroke, in inches, ol the 
injection cylinder, and F is the calibrated volume displacement per inch of stroke. 
The calibration constant F = 51.15 mL/inch for the cylinder used for the lubricant 
injection. The uncertainty of the volume of lubricant injected is Uv„ = F ■ UH- where 
UH is the uncertainty of H. For this example, 2375 g (2730 mL) of lubricant are 
injected. This requires five separate fill-and-discharge cycles of the injection cylinder. 
Therefore, the associated total uncertainty is 
VH = V/5[(C/.,)2 + ((fk,)2] (A. 11) 
where Uhs and Uhe are the uncertainties of the positions of the injection cylinder 
piston at the start and at the end, respectively, of each of the five injection cycles. 
Both Uh.s and Uhe are about 0.031 inch, since the scales used with the injection 
cylinders are ruled in sixteenths of an inch. Thus, UH is approximately 0.1 inch, and 
the resulting uncertainty of the volume of lubricant injected, Uva- is 5.1 mL. 
Now with Uv0 known and with the uncertainty in po at room temperature 
estimated as UPo = 0.005 g/mL, Eq. A.10 can be solved to give Umo inj = 14.4 g. 
Uncertainty of the mass of refrigerant injected: The refrigerant is in¬ 
jected in the same manner as is the lubricant. Therefore, the mass and the associated 
uncertainty of the refrigerant injected is calculated in a manner similar to that tor 
the lubricant injection. 
lftR,inj — Vfljnj • pR^L 
u ™R. inj   ^VR,inj\ ftpR.L 
rriR.ini V V / V PR.L 
For the example case, 5 injections are required to successively test the five different 
A. 12) 
(A. 13) 
compositions from pure oil to 40% refrigerant. This results in a refrigerant injection 
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volume uncertainty of UvRirtJ = 5.1 mL, which is equal to the lubricant injection 
volume uncertainty. 
The refrigerant is injected at room temperature in a slightly compressed liquid 
state. Considering these facts, the uncertainty of the density of the refrigerant liquid 
is conservatively estimated as UPRL = 0.002 g/mL. Therefore, the uncertainty of 
the total mass of refrigerant charged is Um,R<inj = 6.8 g. This value is calculated by 
substituting />R,L = 1.210 g/mL and = 1364 mL from the example case into 
Eq. A.13. 
Uncertainty of the mass withdrawn in sampling: When a liquid sample is 
withdrawn from the test cell, most of the mass of liquid withdrawn is contained in the 
sampling chamber, but a small amount is also trapped in the short lengths ol tubing 
between the pairs of isolation valves on either side of the sample chamber. During 
sample removal, this small amount of trapped liquid is decompressed, refrigerant 
vapor flashes from it, and the rest of the liquid is drained and "lost ". The mass of 
liquid in the sample chamber is then determined from the difference in the masses 
of the clean, evacuated sample chamber and the full chamber prior to venting the 
contents. Therefore, the total amount of liquid removed from the test cell during 
each sampling operation is 
Then, the uncertainty of the mass of liquid removed during each sampling is 
f nil ,i mpvac,i ”b (A.11) 
For the example case, four samples have been withdrawn prior to the current test 
situation. Therefore, the uncertainty of the total mass withdrawn from the test cell 
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is 
I'm o = \ / 4 ) "f” ( l ) ” "f" (^m/05t,i) (A.16) 
The electronic balance used in the tests is capable of determining mass to within 
0.01 g so that Um,lulLt = UmevaCti = 0.01 g. 
The mass of the “lost” fluid can be determined from 
miost,i — Vlost * P samp,i (A.IT; 
where psamp,i is the calculated density of the sample and Viosf is the volume ol liquid 
in the tubing between the two isolation valves on each side ol the sampling chamber. 
Thus, the relative uncertainty in the lost mass of fluid is 
H ml08t.l 
TTllost,i 
' U Vu 
Vlo 
+ 
'll 
st 
Psamp,i 
'sam.p.i 
(A.18) 
Viost is approximately 5 mL and Uvlo,t is estimated to be 0.5 mL. The density ol the 
sample is calculated from 
/W = (A.19) V. samp,i 
\V here msampj and \l„mpj are the mass and volume of the particular sample, respec¬ 
tively. 
The relative uncertainty of this liquid density is 
ll Psamp,i Un 
+ 
ll 
V, Psam.pJ y \ ^samp,i / \ v sam.pu / 
Since the masses of each sample can be calculated from 
then the uncertainty in the mass of each sample is 
Urnsamp,, — y (Umfuti'i ) + (llmevaCt,) 
A. 20) 
m fit l Li mrvnc.i • 
[A.2i: 
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Thus, the uncertainty of the sample mass would be no more than 0.014 g. The 
uncertainty in the volume of the sample. Uv,ampa- is estimated to be 0.2 mL. For the 
case of Vsampj equal to 75 mL. and msampj approximately equal to 70 g, psnmp.i is 
0.93 g/mL. Then, Up,ampt = 0.0025 g/mL. Using these values, the liquid ‘■‘lost” in the 
fittings is approximately 4.7 g, and, therefore, from Eq. A. 18, Umiost i is approximately 
equal to 0.5 g. An estimate of the uncertainty of the total mass withdrawn from the 
test cell after four sampling operations can now be estimated using Eq. A. 16. This 
equation yields Ums = 1.0 g. 
Uncertainty of the mass of the vapor: The vapor above the oil-refrigerant 
solution during all tests is assumed to be pure refrigerant. The mass of the refrigerant 
in the vapor space can then be calculated from 
ffiRy = VV • PR,V (A.22) 
where VV is the volume of the vapor space and the density of the pure refrigerant 
vapor, PR,V. is evaluated at the temperature and pressure of the vapor. 
Thus, the relative uncertainty of mpy is 
The uncertainty of the vapor volume, Uvv* is related to the uncertainty of the height 
of the liquid-vapor interface. This was discussed previously in the subsection on liquid 
volume. Therefore, the uncertainty in the vapor volume is equal to the uncertainty 
in the liquid volume, i.e., Uvv = UvL — 8.6 mL. 
The refrigerant vapor density is calculated using a computerized property rou¬ 
tine. Since the vapor density is a function of temperature and pressure, an estimate 
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of the uncertainty of the vapor density requires the partial derivatives of the vapor 
density with respect to both pressure and temperature, as follows: 
The partial derivatives were estimated numerically at the conditions of the vapor in 
the example case. They are 
The estimates of the uncertainty for pressure and temperature are Up = 0.47 psi = 
0.00517 MPa and Up = 0.1 °C, as discussed earlier. Using these values, the uncer¬ 
tainty in the refrigerant vapor density, UPRV, is 0.00029 g/mL. At these conditions, 
the vapor density, pp.v. is 0.07410 g/mL. The mass of the refrigerant in the vapor 
space is then 104.7 g. Eq. A.23 is now employed to find the uncertainty in the mass 
of the vapor, that is. Urr,R v = 0.75 g. 
Summary of the uncertainty of the liquid density 
The uncertainties estimated in the preceding four sections are returned to Eq. 
A.8 to determine that Umj = 16.0 g. Each pertinent uncertainty is listed below for 
comparison. 
(A.24) 
and 
* 
—
 6.8 g 
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• Um 5 = 1.0 g 
• UmR'V = 0.75 g 
The major contributions to the uncertainty of the mass of the liquid are the uncer¬ 
tainties of the masses of oil and refrigerant injected, which are in turn based on the 
uncertainties of the densities of the oil and the refrigerant as injected. 
It is now finally possible to solve for the uncertainty of the liquid density, UPr, 
which is the goal of this section. For the example case, where mjJ = 3628 g and Vi 
= 3774 mL, Eq. A.5 gives a relative uncertainty of the liquid density of one-half of 
one percent (about 0.0050). Since in this case pi = 0.961 g/mL, the uncertainty in 
the liquid density can be calculated as UPL = 0.0048 g/mL. 
It should be acknowledged that the uncertainty in the liquid density will vary 
somewhat for each test condition, since its magnitude depends on the current test 
condition and also on the history of the test run prior to the condition of interest . To 
understand the significance of the magnitude of the uncertainty in the liquid density. 
UPL, it is useful to compare this estimate to the total variation in the liquid density 
across the entire range of test conditions. The liquid density range is from 0.782 
g/mL (for pure lubricant at 148.4°C) to 0.985 g/ml (for the nominal 40% refrigerant 
mixture at 38.5°C). Thus the overall density variation is 0.203 g/mL, and. therefore, 
the uncertainty in the liquid density, UPL, is only about 2% of the overall variation 
in the liquid density. 
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Uncertainty of the Liquid Composition 
The composition of the liquid is presented in terms of refrigerant mass traction, 
and it is checked by sampling once at each nominal composition. The refrigerant 
mass fraction is calculated for each data point as follows: 
XR = 
mR,L 
mL 
(A.25) 
where the mass of refrigerant dissolved in the liquid is 
mnjj = mRtinj - mRy - mpy 
The relative uncertainty of the liquid composition is 
(A.26) 
U. XR 
XR 
UmR,L 
mR,L 
+ 
'U, m L 
mL 
:A.27) 
The uncertainty of mp r is 
L™.RIL — V (t'mR.,nj) + {t'mR'V) + (t mR'S) (A.28) 
The uncertainty in the mass of refrigerant withdrawn during sampling. i‘WR -, is 
the only uncertainty term in the above equations which has not previously been 
estimated. The term. mptSf is the refrigerant portion of ms. the total mass withdrawn 
from the test cell due to prior sampling operations. Accordingly. 
mn ■s = A.29) 
with the subscript ' i ' referring to prior individual samples. This uncertainty in mp s 
can be calculated as follows: 
U, IR,S—V/EOW; (A. 30) 
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Therefore, for each prior sampling except for the first which contained no refrigerant. 
The term Um.et has been discussed in a previous section and is approximately 0.5 g. 
Now the uncertainty in the composition of an individual sample, UXR r remains to be 
calculated for each of the prior samplings. Since 
% R,i — m(R,samp),i/msamp,i (A.32) 
where is the mass of refrigerant in the sample, the relative uncertainty of 
XR,i is 
/TL \ I / fT  7lL \* (A.33) ' XR,i 171R,samp + 
XR.i mR ,samp / [ m samp / 2 
Both Um,„ , and Um involve uncertainties in the differences of masses, and . R,samp),i i'1 samp,i 
therefore, from previous discussion. Umsarnp,, — U(R,.iamp),i = 0.014 g. 
Using Equations A.31 and A.33. the required terms of Equation A.30 can be 
estimated for each prior sample except the first, which contained no refrigerant. The 
terms are summarized below: 
• For sample 2: xg2 = 0.10. 2 = 67 g, ra(R,.,nfnp),2 = 6.7 g. and iXR2 — 
0.00021. Now ms<2 = 71 g, i2 = 7.1 g, and thus. Uw{R .)2 = 0.052 g. 
• For sample 3: xR)3 = 0.20, msnmp,8 = 70 g. = Id g. and UXRZ = 
0.00020. Now m»;i = 74.2 g. t = 14.8 g, and thus. Um,n, = 0.101 g. 
• For sample 4: xRA = 0.30. mxnmpA = 72 g. m{R,!tamp)A = 21.6 g. and i'.rni = 
0.00020. Now m.,,4 = 76.3 g. m^py^A = 22.9 g. and thus. f/m(/?.)4 = 0.151 g. 
Equations A.30, A.28, and A.27 are then used in turn to give, for this sample test 
case, UmR S — 0.189 g, UmR,L = 6.84 g, and UXR = 0.0026. 
The influence of the history of prior sampling and injection operations is evident. 
Similar calculations for the other liquid compositions tested prior to the current 
condition in this example would show that the uncertainties in the compositions are 
smaller. This would also be the case for the uncertainty of the liquid density. 
Summary of Experimental Uncertainties 
As discussed previously, the uncertainties in the pressure, temperature, and vis¬ 
cosity data are determined from their calibration equations, and the uncertainties 
in the density and composition data are determined for an example test case by 
a propagation-of-error technique. The uncertainties are discussed in detail in the 
previous sections and a summary of the uncertainties follow. 
• Summary of uncertainties 
— uncertainty in pressure data: ± 0.47 psi 
— uncertainty in temperature data: ± 0.1°C 
— uncertainty in viscosity data: ± 2 % of viscosity value 
— uncertainty in the liquid density: ±0.0048 g/mL 
— uncertainty in liquid composition: ±0.0026 
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APPENDIX B. LISTING OF EXPERIMENTAL DATA 
Samples of experimental data were presented and discussed in Chapters 4 and 
5. Here, a complete list of the experimental data and plots of this data are presented 
for all of the lubricant/refrigerant combinations studied. 
The experimental results of these lubricant/refrigerant property studies are pro¬ 
vided in the following tables. These data have been reduced from the actual '‘raw” 
test run data as outlined in Chapter 3 and in Appendix A. These data form the basis 
upon which the empirical correlations discussed in Chapters 4 and 5 are derived. 
As noted in Chapter 4, the temperature at which the solubilities (pressures) 
are recorded is an estimated liquid-vapor interface temperature that is an average of 
the vapor temperature and the average liquid temperature. This was done because 
of some non-uniformity in temperatures throughout the test cell, even at steady 
conditions. Viscosities are reported at the operating temperature of the viscometer, 
and the average liquid temperature is used to report the liquid densities. 
Tables B.l, B.2, and B.3 list the solubility, viscosity, and density data, respec¬ 
tively, lor solutions ol R-22 in lubricant A. Tables B.4 through B.21 list solubility, vis¬ 
cosity, and density data for solutions of R-22 and lubricants B. D, E, F. G, and H. The 
numbers of solubility, viscosity, and density data points for each lubricant/refrigerant 
pair may be different because of variations in data collection procedures. Thus, for 
most of the lubricant/refrigerant pairs, the number of data points for the solubility 
(pressure), the viscosity, and the density of the liquid were evaluated at the same test 
conditions, and for each of these solutions the numbers of solubility, viscosity, and 
density data points are the same. Tables B.22 through B.27 provide the solubility, 
viscosity, and density data for solutions of R-134a in the lubricants J and K. 
Figures B.l, B.2, and B.3 show plots of the solubility, viscosity, and density 
data, respectively, for solutions of R-22 in lubricant A. Figures B.4 through B.21 
list solubility, viscosity, and density data for solutions of R-22 and lubricants B, D, 
E, F, G, and H. Figures B.22 through B.27 provide this information for solutions 
of R-134a in the lubricants J and K. In some cases, all of the data contained in 
the tables are not plotted so that the plots do not become too cluttered. Also, as 
discussed in Chapter 4 and can be seen from the plots of the experimental data, the 
solubility (pressure) plots show that for a nominal concentration the vapor pressure 
increases with temperature. This plot also demonstrates that the vapor pressure 
increases as the refrigerant concentration is increased. The density plots show that 
for a nominal concentration the liquid density decreases with temperature, and that 
the density increases as the refrigerant concentration is increased. This is because 
the pure refrigerant density is greater than the pure lubricant density. This is true 
for all of the lubricants in this study. The viscosity plots show that for a nominal 
concentration the viscosity decreases with temperature, and also that the viscosity 
decreases as the refrigerant concentration is increased. 
Table B.l Experimental solubility (vapor pressure) data for R-2‘2 and lubrica 
solutions 
Temperature Pressure 
(C) (MPa) 
120.27 0.0000 
109.67 0.0000 
99.57 0.0000 
91.04 0.0000 
80.89 0.0000 
69.88 0.0000 
60.74 0.0000 
51.73 0.0000 
40.11 0.0000 
39.03 0.0000 
126.09 1.8692 
115.73 1.7184 
104.45 1.5491 
94.69 1.4083 
83.13 1.2369 
72.47 1.0899 
62.68 0.9641 
53.59 0.8488 
38.25 0.6657 
116.11 3.1984 
104.69 2.8483 
93.45 2.5044 
82.85 2.1965 
71.96 1.8939 
61.45 1.6203 
50.04 1.3407 
38.54 1.0898 
37.80 1.0742 
96.55 3.3162 
96.71 3.3249 
87.76 2.9559 
78.79 2.6089 
69.70 2.2617 
59.09 1.9086 
Concentration 
(mass fraction R-22) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.094 
0.096 
0.098 
0.100 
0.103 
0.105 
0.108 
0.110 
0.113 
0.188 
0.192 
0.197 
0.202 
0.206 
0.211 
0.215 
0.220 
0.220 
0.268 
0.268 
0.273 
0.277 
0.282 
0.287 
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Table B.l (Continued) 
Temperature Pressure Concentration 
(C) (MPa) (mass fraction 
48.62 1.5811 0.292 
39.22 1.3204 0.296 
39.36 1.3240 0.296 
82.29 3.1692 0.396 
73.63 2.7253 0.400 
64.27 2.2854 0.404 
55.35 1.9154 0.407 
46.08 1.5784 0.410 
41.45 i;4293 0.411 
112.85 0.0000 0.000 
112.94 0.0000 0.000 
105.09 0.0000 0.000 
94.37 0.0000 0.000 
86.62 0.0000 0.000 
78.56 0.0000 0.000 
69.51 0.0000 0.000 
61.04 0.0000 0.000 
53.37 0.0000 0.000 
45.38 0.0000 0.000 
45.17 0.0000 0.000 
42.85 0.0000 0.000 
42.94 0.0000 0.000 
34.23 0.0000 0.000 
34.18 0.0000 0.000 
33.41 0.0000 0.000 
125.63 1.6700 0.083 
112.92 1.5082 0.086 
103.26 1.3887 0.088 
94.30 1.2774 0.090 
85.64 1.1715 0.092 
76.23 1.0540 0.094 
66.86 0.9393 0.097 
57.78 0.8326 0.099 
49.29 0.7420 0.102 
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Table B.l (Continued) 
Temperature 
(C) 
Pressure Concentration 
(MPa) (mass fraction R-22) 
43.11 
39.50 
101.87 
89.73 
76.62 
64.89 
54.08 
46.00 
37.21 
89.07 
76.40 
67.96 
59.17 
53.56 
35.74 
39.41 
0.6708 
0.6398 
2.9975 
2.6027 
.2.1809 
1.8278 
1.5293 
1.3206 
1.1132 
3.3530 
2.7423 
2.3717 
2.0162 
1.8112 
1.2583 
1.3622 
0.103 
0.104 
0.223 
0.230 
0.237 
0.244 
0.250 
0.255 
0.259 
0.351 
0.360 
0.366 
0.371 
0.374 
0.381 
0.380 
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Table B.2: Experimental viscosity data for R-22 and lubricant A solutions 
Temperature 
(C) 
Viscosity 
(cP) 
Concentration 
(mass fraction R-22) 
112.03 2.73 0.000 
112.15 2.73 0.000 
104.89 3.19 0.000 
94.56 4.05 0.000 
87.52 4.83 0.000 
80.00 5.95 0.000 
71.29 7.69 0.000 
63.35 10.02 0.000 
56.51 12.83 0.000 
49.20 17.24 0.000 
48.30 17.73 0.000 
45.58 20.17 0.000 
46.39 19.55 0.000 
38.87 28.01 0.000 
37.94 29.28 0.000 
37.12 30.37 0.000 
119.84 1.47 0.083 
108.33 1.79 0.086 
99.83 2.09 0.088 
91.88 2.43 0.090 
84.32 2.87 0.092 
75.75 3.42 0.094 
67.26 4.21 0.097 
59.19 5.16 0.099 
52.14 6.30 0.102 
46.61 7.39 0.103 
44.12 7.97 0.104 
99.08 1.20 0.223 
88.22 1.27 0.230 
76.13 1.55 0.237 
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Table B.“2 (Continued) 
Temperature Viscosity Concentration 
(C) (cP) 
65.52 1.86 
55.94 2.40 
48.72 2.59 
40.96 2.98 
87.54 0.82 
75.98 0.96 
68.40 1.07 
60.47 1.23 
55.54 1.34 
39.04 1.86 
42.34 1.76 
(mass fraction R-22) 
0.244 
0.250 
0.255 
0.259 
0.351 
0.360 
0.366 
0.371 
0.374 
0.381 
0.380 
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Table B.3: Experimental density data for R-22 and lubricant A solut 
perature Density Concentr; 
(C) (g/mL) (mass fr; 
120.27 0.844 0.000 
109.67 0.851 0.000 
99.57 0.857 0.000 
91.04 0.862 0.000 
80.89 0.868 0.000 
69.88 0.875 0.000 
60.74 0.882 0.000 
51.73 0.887 0.000 
40.11 0.893 0.000 
39.03 0.894 0.000 
129.70 0.860 0.094 
118.90 0.867 0.096 
107.20 0.876 0.098 
97.03 0.883 0.100 
85.16 0.891 0.103 
73.99 0.898 0.105 
63.73 0.905 0.108 
54.15 0.912 0.110 
38.31 0.922 0.113 
119.54 0.889 0.188 
107.64 0.898 0.192 
95.95 0.908 0.197 
84.88 0.917 0.202 
73.51 0.925 0.206 
62.54 0.935 0.211 
50.74 0.944 0.215 
38.84 0.955 0.220 
38.06 0.955 0.220 
98.93 0.916 0.268 
98.97 0.916 0.268 
89.65 0.926 0.273 
80.38 0.935 0.277 
71.06 0.944 0.282 
59.81 0.954 0.287 
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Table B.3 (Continued) 
iperature Density Concentre 
(C) (g/mL) (mass fr< 
49.07 0.965 0.292 
39.36 0.974 0.296 
39.37 0.974 0.296 
83.75 0.949 0.396 
74.73 0.960 0.400 
65.07 0.975 0.404 
55.91 0.985 0.407 
46.36 0.996 0.410 
41.38 1.003 0.411 
112.85 0.851 0.000 
112.94 0.851 0.000 
105.09 0.858 0.000 
94.37 0.862 0.000 
86.62 0.867 0.000 
78.56 0.872 0.000 
69.51 0.877 0.000 
61.04 0.883 0.000 
53.37 0.887 0.000 
45.38 0.893 0.000 
45.17 0.893 0.000 
42.85 0.894 0.000 
42.94 0.894 0.000 
34.23 0.899 0.000 
34.18 0.899 0.000 
33.41 0.900 0.000 
121.16 0.861 0.083 
108.94 0.870 0.086 
99.80 0.877 0.088 
91.34 0.882 0.090 
83.10 0.888 0.092 
74.14 0.895 0.094 
65.23 0.902 0.097 
56.68 0.908 0.099 
48.80 0.914 0.102 
Table B.3 (Continued) 
Temperature 
(C) 
Density 
(g/mL) 
Concentration 
(mass fraction R-22) 
43.01 
40.27 
99.06 
87.51 
74.91 
63.68 
53.33 
45.74 
38.15 
87.18 
74.99 
66.86 
58.35 
52.95 
36.72 
40.15 
0.918 
0.920 
0.908 
0.919 
0.931 
0.941 
0.951 
0.957 
0.966 
0.940 
0.954 
0.963 
0.973 
0.979 
0.999 
0.994 
0.103 
0.104 
0.223 
0.230 
0.237 
0.244 
0.250 
0.255 
0.259 
0.351 
0.360 
0.366 
0.371 
0.374 
0.381 
0.380 
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Table B.4: Experimental solubility (vapor pressure) data for R-22 and lubricant B 
solutions 
Temperature Pressure 
(C) (MPa) 
121.04 0.0000 
110.83 0.0000 
100.29 0.0000 
88.92 0.0000 
79.04 0.0000 
68.96 0.0000 
57.93 0.0000 
47.51 0.0000 
40.48 0.0000 
124.92 2.3030 
114.70 2.1551 
103.66 1.9102 
92.88 1.7156 
82.08 1.5397 
70.90 1.3803 
59.92 1.2151 
50.00 1.0708 
43.25 0.9401 
101.77 3.3984 
91.21 2.9987 
80.25 2.5978 
69.90 2.2474 
59.80 1.9293 
49.82 1.6258 
42.74 1.4295 
77.38 3.3276 
67.70 2.8263 
58.60 2.4049 
49.22 2.0144 
40.04 1.6862 
80.56 3.1503 
71.36 2.7193 
Concentration 
(mass fraction R-22) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.118 
0.119 
0.122 
0.124 
0.126 
0.127 
0.129 
0.132 
0.134 
0.239 
0.243 
0.247 
0.251 
0.255 
0.258 
0.261 
0.385 
0.388 
0.391 
0.394 
0.396 
0.371 
0.379 
Table B.4 (Continued) 
Temperature 
(C) 
60.90 
49.78 
41.38 
71.95 
63.17 
51.71 
42.46 
Pressure Concentration 
(MPa) (mass fraction 
2.2676 0.387 
1.8418 0.394 
1.5606 0.398 
3.0251 0.491 
2.5635 0.496 
2.0381 0.501 
1.6792 0.504 
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Table B.5: Experimental viscosity data for R-22 and lubricant B solutions 
Temperature 
(C) 
Viscosity 
(cP) 
Concentration 
(mass fraction R-22) 
121.04 2.91 0.000 
110.83 3.49 0.000 
100.29 4.23 0.000 
89.31 5.42 0.000 
80.06 6.81 0.000 
70.62 8.65 0.000 
60.29 11.75 0.000 
50.53 15.91 0.000 
43.95 19.80 0.000 
121.47 1.64 0.118 
111.68 1.90 0.119 
100.93 2.31 0.122 
90.80 2.65 0.124 
81.05 3.30 0.126 
70.96 4.04 0.127 
61.24 5.03 0.129 
52.40 6.04 0.132 
46.43 7.04 0.134 
99.44 1.31 0.239 
89.76 1.56 0.243 
79.87 1.83 0.247 
70.53 2.13 0.251 
61.43 2.49 0.255 
52.30 3.00 0.258 
45.93 3.46 0.261 
77.47 0.99 0.385 
68.72 1.17 0.388 
60.38 1.45 0.391 
51.56 1.56 0.394 
43.14 1.89 0.396 
79.53 1.13 0.371 
71.24 1.28 0.379 
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emperature 
(C) 
61.80 
51.94 
44.46 
72.36 
64.43 
54.05 
45.68 
Table B.5 (Continued) 
Viscosity Concentration 
(cP) (mass fraction 
1.46 0.387 
1.67 0.394 
2.00 0.398 
0.77 0.491 
0.84 0.496 
0.98 0.501 
1.13 0.504 
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Table B.6: Experimental density data for R-22 and lubricant B solutions 
perature Density Concentr< 
(C) (g/mL) (mass fr< 
121.04 0.760 0.000 
110.83 0.765 0.000 
100.29 0.772 0.000 
88.92 0.779 0.000 
79.04 0.785 0.000 
68.96 0.791 0.000 
57.93 0.797 0.000 
47.51 0.804 0.000 
40.48 0.807 0.000 
121.47 0.788 0.118 
111.68 0.795 0.119 
100.93 0.803 0.122 
90.52 0.810 0.124 
80.10 0.818 0.126 
69.33 0.825 0.127 
58.95 0.833 0.129 
49.50 0.840 0.132 
43.13 0.845 0.134 
99.44 0.829 0.239 
89.40 0.838 0.243 
78.84 0.847 0.247 
68.87 0.857 0.251 
59.15 0.865 0.255 
49.40 0.875 0.258 
42.60 0.880 0.261 
76.28 0.877 0.385 
66.93 0.887 0.388 
58.03 0.898 0.391 
48.61 0.909 0.394 
39.62 0.918 0.396 
78.48 0.865 0.371 
69.63 0.877 0.379 
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Table B.6 (Continued) 
Temperature 
(C) 
Density 
(g/mL) 
Concentration 
(mass fraction R-22) 
59.54 
49.01 
41.02 
70.82 
62.35 
51.27 
42.33 
0.888 
0.901 
0.910 
0.907 
0.919 
0.935 
0.947 
0.387 
0.394 
0.398 
0.491 
0.496 
0.501 
0.504 
9
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Table B.7: Experimental solubility (vapor pressure) data for R-22 and lubricant D 
solutions 
perature Pressure Concentr; 
(C) (MPa) (mass fr; 
121.79 0.0000 0.000 
112.60 0,0000 0.000 
101.44 0.0000 0.000 
91.62 0.0000 0.000 
81.63 0.0000 0.000 
71.80 0.0000 0.000 
61.68 0.0000 0.000 
49.52 0.0000 0.000 
40.14 0.0000 0.000 
124.79 1.9037 0.101 
113.75 1.7218 0.102 
102.99 1.5523 0.104 
92.86 1.4012 0.106 
81.89 1.2403 0.108 
71.00 1.1136 0.109 
61.12 0.9885 0.111 
48.92 0.7850 0.114 
40.09 0.6925 0.115 
117.20 3.1549 0.190 
105.47 2.7908 0.193 
95.02 2.4815 0.196 
83.71 2.1472 0.200 
72.37 1.8294 0.204 
62.13 1.5727 0.207 
51.75 1.3340 0.210 
39.70 1.0734 0.213 
89.55 3.2082 0.309 
79.74 2.7729 0.312 
69.45 2.3447 0.316 
59.25 1.9663 0.320 
50.07 1.6621 0.322 
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Temperature 
(C) 
44.45 
41.20 
76.09 
67.37 
58.73 
48.80 
37.53 
Table B.7 (Continued) 
Pressure Concentration 
(MPa) (mass fraction 
1.4952 0.324 
1.3995 0.325 
3.0796 0.411 
2.6430 0.413 
2.2530 0.415 
1.8559 0.417 
1.4705 0.419 
-22) 
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Table B.8: Experimental viscosity data for R-2'2 and lubricant D solutions 
Temperature 
(C) 
Viscosity 
(cP) 
Concentration 
(mass fraction R-22) 
121.79 
112.60 
101.44 
91.83 
82.48 
73.28 
63.80 
50.36 
42.16 
121.08 
110.38 
100.10 
90.69 
80.86 
71.10 
62.26 
51.52 
44.31 
114.17 
103.00 
93.12 
82.88 
72.56 
63.43 
54.17 
43.47 
88.11 
79.29 
69.97 
60.54 
52.33 
3.74 
4.48 
5.91 
7.34 
9.54 
12.52 
17.14 
30.33 
43.31 
2.23 
2.69 
3.14 
3.71 
4.67 
5.90 
7.30 
9.98 
12.36 
1.54 
1.76 
2.06 
2.51 
3.15 
3.74 
4.60 
6.08 
1.34 
1.61 
1.93 
2.18 
2.45 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.101 
0.102 
0.104 
0.106 
0.108 
0.109 
0.111 
0.114 
0.115 
0.190 
0.193 
0.196 
0.200 
0.204 
0.207 
0.210 
0.213 
0.309 
0.312 
0.316 
0.320 
0.322 
137 
Table B.8 (Continued) 
Temperature 
(C) 
Viscosity 
(cP) 
Concentration 
(mass fraction 
47.29 2.76 0.324 
44.39 3.00 0.325 
76.36 0.98 0.411 
68.41 1.10 0.413 
60.61 1.26 0.415 
51.48 1.64 0.417 
41.10 1.80 0.419 
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Table B.9: Experimental density data for R-22 and lubricant D solutions 
perature Density Concentr< 
(C) (g/mL) (mass fri 
121.79 0.795 0.000 
112.60 0.801 0.000 
101.44 0.807 0.000 
91.62 0.814 0.000 
81.63 0.819 0.000 
71.80 0.826 0.000 
61.68 0.831 0.000 
49.52 0.838 0.000 
40.14 0.844 0.000 
121.08 0.817 0.101 
110.38 0.824 0.102 
100.10 0.832 0.104 
90.40 0.838 0.106 
79.90 0.845 0.108 
69.48 0.853 0.109 
60.04 0.860 0.111 
48.56 0.869 0.114 
40.86 0.874 0.115 
114.17 0.838 0.190 
103.00 0.848 0.193 
92.99 0.856 0.196 
82.06 0.864 0.200 
71.03 0.874 0.204 
61.29 0.882 0.207 
51.39 0.891 0.210 
39.97 0.899 0.213 
87.64 0.889 0.309 
78.22 0.897 0.312 
68.27 0.908 0.316 
58.20 0.918 0.320 
49.43 0.926 0.322 
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Table B.9 (Continued) 
Temperature 
(C) 
Density 
(g/mL) 
Concentration 
(mass fraction 
44.05 
40.95 
75.09 
66.60 
58.27 
48.52 
37.44 
0.932 
0.935 
0.929 
0.939 
0.948 
0.960 
0.972 
0.324 
0.325 
0.411 
0.413 
0.415 
0.417 
0.419 
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Table B.10: Experimental solubility (vapor pressure) data for R-22 and lubricant E 
solutions 
Temperature Pressure 
(C) (MPa) 
48.04 0.0000 
55.84 0.0000 
64.50 0.0000 
73.70 0.0000 
80.65 0.0000 
93.63 0.0000 
102.26 0.0000 
55.00 0.0000 
43.97 0.0000 
37.79 0.0000 
39.93 0.6187 
50.50 0.7445 
59.1,1 0.8375 
67.91 0.9362 
81.87 1.1039 
91.06 1.2126 
91.52 1.2253 
82.06 1.1070 
101.50 1.3539 
50.15 1.1034 
59.76 1.2835 
69.31 1.4738 
82.48 1.7287 
92.46 1.9448 
101.75 2.1390 
43.26 0.9762 
43.38 1.1973 
52.95 1.4220 
62.22 1.6543 
71.33 1.8914 
82.38 2.1920 
91.82 2.4584 
101.89 2.7382 
103.68 2.7906 
Concentration 
(mass fraction R-22) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.112 
0.108 
0.105 
0.103 
0.099 
0.096 
0.096 
0.099 
0.093 
0.187 
0.182 
0.177 
0.170 
0.165 
0.161 
0.190 
0.270 
0.263 
0.255 
0.248 
0.239 
0.232 
0.224 
0.223 
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Temperature 
(C) 
80.88 
62.49 
41.17 
63.63 
74.04 
83.54 
88.32 
93.07 
36.34 
39.78 
49.53 
58.89 
69.22 
44.89 
25.27 
Table B.10 (Continued) 
Pressure Concentr; 
(MPa) (mass fr 
2.1532 0.240 
1.6618 0.255 
1.3679 0.374 
2.1024 0.356 
2.4947 0.346 
2.8796 0.336 
3.0770 0.331 
3.2779 0.326 
1.3511 0.490 
1.4599 0.489 
1.8076 0.483 
2.1856 0.477 
2.6596 0.468 
1.6377 0.486 
1.0326 0.495 
144 
ID o ID o ID O ID 
cn cn CM 0J rrd rH O 
VdW ‘3dnSS3dd 
CJ 
UJ 
tr 
D 
I- 
< 
H 
UJ 
n 
z 
UJ 
1- 
Fi
gu
re
 
H.
 
1
0
: 
S
ol
ub
ili
ty
 
da
ta
 
fo
r 
R
-2
2 
in
 
lu
br
ic
an
t 
E 
145 
Table B.ll: Experimental viscosity data for R-22 and lubricant E solutions 
Temperature 
(C) 
Viscosity 
(cP) 
49.90 18.46 
57.40 13.41 
65.54 10.40 
74.71 7.59 
81.06 6.23 
93.65 4.42 
102.11 3.67 
55.44 13.96 
45.00 21.12 
39.40 26.93 
41.30 11.10 
52.40 7.30 
59.90 5.89 
67.60 4.77 
80.60 3.50 
89.20 3.08 
90.00 3.15 
81.00 3.78 
100.23 2.39 
51.96 5.08 
60.98 4.17 
70.06 3.41 
82.43 2.62 
91.96 2.18 
100.80 1.83 
45.15 5.45 
44.96 3.43 
53.87 2.85 
62.47 2.41 
70.80 2.06 
80.99 1.70 
89.94 1.45 
99.15 1.24 
100.89 1.20 
Concentration 
(mass fraction R-22) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.112 
0.108 
0.105 
0.103 
0.099 
0.096 
0.096 
0.099 
0.093 
0.187 
0.182 
0.177 
0.170 
0.165 
0.161 
0.190 
0.270 
0.263 
0.255 
0.248 
0.239 
0.232 
0.224 
0.223 
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Table B.ll (Continued) 
Temperature Viscosity Concentration 
(C) (cP) 
79.93 1.75 
62.99 2.40 
43.19 1.91 
64.39 1.28 
74.16 1.08 
83.12 0.94 
87.67 0.87 
92.16 0.81 
38.20 0.99 
41.51 0.92 
51.06 0.75 
59.96 0.63 
69.71 0.52 
46.75 0.83 
27.41 1.27 
(mass fraction R-22) 
0.240 
0.255 
0.374 
0.356 
0.346 
0.336 
0.331 
0.326 
0.490 
0.489 
0.483 
0.477 
0.468 
0.486 
0.495 
1
0
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Table B.12: Experimental density data for R-22 and lubricant E solut 
Temperature Density 
(C) (g/mL) 
48.04 0.886 
55.84 0.881 
64.50 0.875 
73.70 0.870 
80.65 0.866 
93.63 0.856 
102.26 0.853 
55.00 0.881 
43.97 0.888 
37.79 0.892 
39.72 0.911 
50.88 0.904 
58.66 0.898 
66.58 0.892 
79.95 0.882 
88.88 0.873 
89.43 0.873 
80.28 0.882 
99.81 0.869 
50.55 0.924 
59.72 0.917 
68.97 0.909 
81.75 0.898 
91.44 0.891 
100.51 0.884 
43.55 0.931 
42.63 0.965 
51.72 0.954 
60.61 0.946 
69.21 0.937 
79.69 0.925 
88.87 0.917 
98.36 0.910 
100.15 0.907 
Concentration 
(mass fraction R-22) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.112 
0.108 
0.105 
0.103 
0.099 
0.096 
0.096 
0.099 
0.093 
0.187 
0.182 
0.177 
0.170 
0.165 
0.161 
0.190 
0.270 
0.263 
0.255 
0.248 
0.239 
0.232 
0.224 
0.223 
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Table B.12 (Continued) 
Temperature 
(C) 
Density 
(g/mL) 
Concentration 
(mass fraction R-22) 
78.51 0.929 
61.09 0.946 
40.98 1.006 
62.81 0.982 
72.88 0.970 
82.08 0.962 
86.75 0.956 
91.38 0.952 
36.18 1.056 
39.58 1.050 
49.23 1.037 
58.29 1.026 
68.27 1.014 
44.70 1.044 
25.31 1.069 
0.240 
0.255 
0.374 
0.356 
0.346 
0.336 
0.331 
0.326 
0.490 
0.489 
0.483 
0.477 
0.468 
0.486 
0.495 
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Table B.13: Experimental solubility (vapor pressure) data for R-22 and lubricant F 
solutions 
Temperature Pressure 
(C) (MPa) 
118.39 0.0000 
118.88 0.0000 
115.25 0.0000 
110.71 0.0000 
110.26 0.0000 
100.95 0.0000 
100.21 0.0000 
91.92 0.0000 
84.14 0.0000 
82.79 0.0000 
82.67 0.0000 
76.68 0.0000 
70.65 0.0000 
63.70 0.0000 
56.55 0.0000 
43.15 0.0000 
125.06 1.8483 
124.39 1.8467 
119.43 1.8068 
113.31 1.7415 
103.49 1.6163 
96.96 1.5033 
96.47 1.4953 
93.79 1.4660 
83.76 1.3401 
81.29 1.3034 
77.80 1.2673 
71.43 1.1807 
65.29 1.0873 
63.43 1.0636 
61.84 1.0371 
48.66 0.8431 
38.23 0.7570 
Concentration 
(mass fraction R-22) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.090 
0.090 
0.090 
0.091 
0.092 
0.094 
0.094 
0.094 
0.096 
0.097 
0.097 
0.099 
0.100 
0.101 
0.101 
0.105 
0.107 
Table B.13 (Continued) 
emperature 
(C) 
Pressure Concentration 
(MPa) (mass fraction 
124.15 
114.37 
104.53 
95.36 
85.68 
78.76 
73.15 
65.13 
58.40 
49.15 
86.16 
85.31 
83.14 
78.79 
73.48 
68.88 
63.58 
46.25 
45.44 
46.14 
61.37 
61.43 
61.46 
75.71 
75.75 
75.88 
63.65 
63.13 
63.03 
62.14 
59.13 
58.96 
56.30 
44.69 
2.9250 
2.7040 
2.4550 
2.2360 
1.9980 
1.8730 
1.7740 
1.5640 
1.4200 
1.2250 
3.2069 
3.2547 
3.1975 
3.0172 
2.7584 
2.5405 
2.3086 
1.6684 
1.6647 
1.6658 
2.3476 
2.3508 
2.3527 
3.0316 
3.0176 
3.0271 
2.4841 
2.4588 
2.4386 
2.4240 
2.2871 
2.2789 
2.1643 
1.6911 
0.168 
0.170 
0.173 
0.176 
0.180 
0.181 
0.183 
0.187 
0.189 
0.193 
0.337 
0.336 
0.336 
0.338 
0.341 
0.343 
0.345 
0.351 
0.351 
0.351 
0.459 
0.459 
0.459 
0.440 
0.441 
0.440 
0.455 
0.455 
0.456 
0.456 
0.459 
0.460 
0.463 
0.475 
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Table B.14: Experimental viscosity data for R-22 and lubricant F solut 
Temperature 
(C) 
Viscosi' 
(cP) 
118.39 7.62 
118.88 7.58 
115.25 8.05 
110.71 8.93 
110.26 9.04 
100.95 11.39 
100.21 11.61 
92.12 14.80 
84.83 18.14 
83.00 19.88 
82.89 20.04 
78.16 23.98 
71.46 30.51 
65.60 38.65 
58.96 50.45 
46.34 90.47 
120.49 4.16 
120.45 4.13 
116.32 4.28 
110.16 4.48 
99.97 5.54 
93.97 6.49 
93.59 6.59 
91.39 6.78 
82.27 8.63 
80.26 8.96 
77.03 9.63 
71.23 11.34 
65.89 13.85 
64.25 14.69 
63.20 14.86 
52.22 22.15 
43.93 28.40 
Concentration 
(mass fraction R-22) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.090 
0.090 
0.090 
0.091 
0.092 
0.094 
0.094 
0.094 
0.096 
0.097 
0.097 
0.099 
0.100 
0.101 
0.101 
0.105 
0.107 
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Table B.14 (Continued) 
emperature 
(C) 
Viscosity 
(cP) 
Concentration 
(mass fraction 
120.30 
110.87 
101.43 
92.78 
84.06 
77.81 
72.75 
65.79 
59.77 
51.67 
84.94 
84.48 
82.56 
78.41 
73.47 
69.28 
64.53 
48.88 
48.83 
49.02 
61.72 
61.79 
61.82 
74.53 
74.29 
74.44 
64.09 
63.64 
63.52 
63.14 
60.24 
60.11 
57.79 
47.04 
2.89 
3.36 
4.01 
4.67 
5.63 
6.18 
6.88 
8.49 
10.16 
13.07 
1.94 
1.97 
2.03 
2.21 
2.41 
2.62 
2.69 
3.77 
3.79 
3.77 
1.44 
1.42 
1.42 
1.39 
1.39 
1.39 
1.38 
1.39 
1.40 
1.60 
1.57 
1.57 
1.56 
1.84 
0.168 
0.170 
0.173 
0.176 
0.180 
0.181 
0.183 
0.187 
0.189 
0.193 
0.337 
0.336 
0.336 
0.338 
0.341 
0.343 
0.345 
0.351 
0.351 
0.351 
0.459 
0.459 
0.459 
0.440 
0.441 
0.440 
0.455 
0.455 
0.456 
0.456 
0.459 
0.460 
0.463 
0.475 
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Table B.15: Experimental density data for R-2‘2 and lubricant E solut 
Temperature 
(C) 
Density 
(g/mL) 
118.39 0.829 
118.88 0.829 
115.25 0.833 
110.71 0.834 
110.26 0.834 
100.95 0.841 
100.21 0.841 
91.92 0.847 
84.14 0.850 
82.79 0.852 
82.67 0.852 
76.68 0.856 
70.65 0.860 
63.70 0.864 
56.55 0.868 
43.15 0.875 
120.49 0.868 
120.45 0.867 
116.32 0.870 
110.16 0.874 
99.97 0.882 
93.90 0.886 
93.49 0.886 
91.15 0.888 
81.41 0.895 
79.26 0.896 
75.81 0.899 
69.61 0.904 
63.91 0.908 
62.16 0.910 
61.04 0.910 
49.31 0.918 
40.46 0.925 
Concentration 
(mass fraction R-22) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.090 
0.090 
0.090 
0.091 
0.092 
0.094 
0.094 
0.094 
0.096 
0.097 
0.097 
0.099 
0.100 
0.101 
0.101 
0.105 
0.107 
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Table B.15 
perature 
(C) 
Density 
(g/mL) 
120.30 0.902 
110.87 0.910 
101.43 0.917 
92.63 0.924 
83.32 0.932 
76.64 0.938 
71.24 0.941 
63.80 0.947 
57.38 0.952 
48.72 0.960 
84.26 0.969 
83.77 0.968 
81.71 0.969 
77.28 0.973 
72.01 0.979 
67.53 0.983 
62.46 0.989 
45.75 1.006 
45.69 1.006 
45.90 1.006 
59.46 1.031 
59.53 1.031 
59.57 1.031 
73.14 1.014 
72.88 1.016 
73.04 1.015 
61.99 1.028 
61.51 1.031 
61.38 1.031 
60.98 1.033 
57.88 1.037 
57.74 1.038 
55.26 1.040 
43.78 1.056 
(Continued) 
Concentration 
(mass fraction 
0.168 
0.170 
0.173 
0.176 
0.180 
0.181 
0.183 
0.187 
0.189 
0.193 
0.337 
0.336 
0.336 
0.338 
0.341 
0.343 
0.345 
0.351 
0.351 
0.351 
0.459 
0.459 
0.459 
0.440 
0.441 
0.440 
0.455 
0.455 
0.456 
0.456 
0.459 
0.460 
0.463 
0.475 
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Table B.16: Experimental solubility (vapor pressure) data for R-22 and lul: 
solutions 
Temperature Pressure 
(C) (MPa) 
119.36 0.0000 
119.37 0.0000 
112.27 0.0000 
101.27 0.0000 
89.84 0.0000 
89.62 0.0000 
88.86 0.0000 
80.04 0.0000 
68.58 0.0000 
58.80 0.0000 
51.92 0.0000 
129.66 1.2972 
118.84 1.2098 
106.68 1.0910 
96.19 0.9484 
85.43 0.7935 
75.45 0.5740 
64.54 0.4551 
54.05 0.3667 
129.64 2.7202 
127.41 2.7336 
117.15 2.3657 
106.20 2.0157 
95.57 1.7177 
85.52 1.4767 
74.46 1.2204 
64.42 1.0089 
54.93 0.8428 
44.64 0.6518 
118.99 3.3858 
111.85 3.0215 
102.29 2.7551 
Concentration 
(mass fraction R-22) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.103 
0.103 
0.104 
0.106 
0.107 
0.110 
0.112 
0.113 
0.212 
0.211 
0.214 
0.216 
0.218 
0.220 
0.222 
0.224 
0.225 
0.227 
0.322 
0.326 
0.328 
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Table B.16 (Continued) 
iperature Pressure Concentr; 
(C) (MPa) (mass fr: 
91.95 2.2951 0.333 
81.64 1.8723 0.338 
71.02 1.5450 0.342 
59.83 1.2306 0.346 
59.79 1.2278 0.346 
52.08 1.0244 0.348 
67.26 1.3523 0.345 
70.49 1.4241 0.344 
117.72 3.3990 0.322 
111.70 3.2744 .0.322 
100.44 2.7716 0.327 
80.89 1.9377 0.337 
70.05 1.5337 0.342 
40.49 0.7341 0.352 
89.31 3.3901 0.493 
85.04 3.1026 0.494 
76.78 2.6059 0.497 
68.56 2.1137 0.499 
60.63 1.7959 0.501 
53.60 1.5334 0.502 
51.71 1.4576 0.502 
40.92 1.1223 0.504 
40.87 1.1212 0.504 
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Table B .17: Experimental viscosity data for R-22 and lubricant G solut 
perature Viscosity Concentrat 
(C) (cP) (mass frac 
119.36 7.24 0.000 
119.37 7.25 0.000 
112.27 8.22 0.000 
101.27 10.13 0.000 
90.17 12.76 0.000 
89.96 12.87 0.000 
89.25 13.37 0.000 
79.42 16.27 0.000 
69.02 22.41 0.000 
60.09 30.38 0.000 
54.53 37.74 0.000 
124.80 4.23 0.103 
114.46 4.94 0.103 
102.48 6.15 0.104 
92.91 7.22 0.106 
83.31 8.88 0.107 
75.05 10.66 0.110 
65.45 13.38 0.112 
55.95 17.24 0.113 
124.82 2.86 0.212 
122.89 2.92 0.211 
113.23 3.28 0.214 
102.84 3.87 0.216 
92.97 4.48 0.218 
83.96 5.37 0.220 
74.01 6.66 0.222 
65.53 7.73 0.224 
57.38 9.08 0.225 
48.42 11.63 0.227 
114.28 2.02 0.322 
107.61 2.23 0.326 
99.30 2.38 0.328 
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Temperature 
(C) 
90.19 
81.38 
72.06 
61.92 
61.87 
55.18 
67.71 
70.34 
111.34 
106.50 
95.91 
80.02 
70.64 
43.97 
86.11 
82.62 
75.94 
69.78 
62.78 
56.19 
53.89 
43.82 
43.78 
Table B.17 (Continued) 
Viscosity 
(cP) 
Concentration 
(mass fraction 
2.72 0.333 
3.11 0.338 
3.73 0.342 
4.81 0.346 
4.82 0.346 
5.34 0.348 
4.36 0.345 
3.96 0.344 
2.20 0.322 
2.21 0.322 
2.55 0.327 
3.21 0.337 
3.76 0.342 
6.97 0.352 
1.32 0.493 
1.38 0.494 
1.52 0.497 
1.72 0.499 
1.92 0.501 
2.22 0.502 
2.29 0.502 
2.89 0.504 
2.87 0.504 
Lbo 
o 
Fi
gu
re
 
H
.J
7:
 V
is
co
si
ty
 
da
ta
 
lo
r 
K
-2
2 
in
 
lu
br
ic
an
t 
(1 
166 
Table B.18: Experimental density data for R-22 and lubricant G solut 
Temperature Density 
(C) (g/mL) 
Concentration 
(mass fraction R-22) 
119. .36 0. .924 
119. 37 0. .924 
112. .27 0. .931 
101. ,27 0. .938 
89. ,84 0. .947 
89. 62 0, ,947 
88. ,86 0, .947 
80. ,04 0, .956 
68. .58 0. .964 
58. ,80 0. .972 
51. .92 0. .976 
124. .80 0. .937 
114. ,46 0. .946 
102. .48 0. .955 
92. ,77 0. .963 
82. .52 0, .972 
73. .69 0, .979 
63. .44 0, .989 
53. .81 0. .996 
124, .82 0. .957 
122. .89 0 .959 
113, .23 0 .968 
102 .84 0 .979 
92 .83 0 .987 
83 .21 0 .998 
72 .58 1 .007 
63 .53 1 .017 
54 .82 1 .026 
45 .25 1 .034 
114 .28 0 .981 
107 .61 0 .989 
99 .30 0 .999 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.103 
0.103 
0.104 
0.106 
0.107 
0.110 
0.112 
0.113 
0.212 
0.211 
0.214 
0.216 
0.218 
0.220 
0.222 
0.224 
0.225 
0.227 
0.322 
0.326 
0.328 
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Table B.18 
perature 
(C) 
Density 
(g/mL) 
89.86 1.009 
80.46 1.021 
70.50 1.033 
59.67 1.043 
59.62 1.043 
52.47 1.051 
65.86 1.038 
68.66 1.032 
111.34 0.982 
106.50 0.989 
95.91 1.002 
79.00 1.021 
68.99 1.035 
40.50 1.064 
85.51 1.040 
81.78 1.046 
74.64 1.058 
68.07 1.068 
60.59 1.077 
53.55 1.090 
51.10 1.092 
40.34 1.106 
40.30 1.106 
(Continued) 
Concentration 
(mass fraction 
0.333 
0.338 
0.342 
0.346 
0.346 
0.348 
0.345 
0.344 
0.322 
0.322 
0.327 
0.337 
0.342 
0.352 
0.493 
0.494 
0.497 
0.499 
0.501 
0.502 
0.502 
0.504 
0.504 
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Table B.19: Experimental solubility (vapor pressure) data for R-22 and lubricant H 
solutions 
Temperature Pressure 
(C) (MPa) 
53.74 0.6681 
127.71 1.5444 
119.05 1.4374 
107.33 1.2848 
96.93 1.1558 
86.25 1.0259 
76.05 0.9389 
75.10 0.9280 
63.29 0.8076 
53.48 1.1611 
125.67 2.8721 
116.86 2.6386 
105.11 2.3293 
94.52 2.0609 
80.71 1.7232 
66.92 1.4132 
42.59 0.9585 
58.61 1.8846 
94.16 3.3826 
85.79 2.9534 
76.40 2.5426 
67.50 2.1996 
39.43 1.3059 
62.03 2.3791 
53.61 2.0275 
43.00 1.6843 
124.14 0.0000 
115.65 0.0000 
106.95 0.0000 
99.20 0.0000 
Concentration 
(mass fraction R-22) 
0.098 
0.087 
0.088 
0.090 
0.091 
0.093 
0.094 
0.094 
0.095 
0.189 
0.171 
0.173 
0.176 
0.178 
0.182 
0.186 
0.192 
0.337 
0.326 
0.329 
0.332 
0.334 
0.341 
0.488 
0.491 
0.493 
0.000 
0.000 
0.000 
0.000 
Table B.19 (Continued) 
Temperature 
(C) 
91.13 
81.87 
72.36 
64.06 
58.68 
57.94 
45.06 
Pressure Concentration 
(MPa) (mass fraction 
0.0000 0.000 
0.0000 0.000 
0.0000 0.000 
0.0000 0.000 
0.0000 0.000 
0.0000 0.000 
0.0000 0.000 
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Table B.20: Experimental viscosity data for R-22 and lubricant H solut 
Temperature Viscosity 
(C) (cP) 
55. 37 10. 65 
122. 99 2. 22 
114. 75 2. ,55 
103. 46 3. ,15 
93. 59 3. .83 
84. 04 4. ,76 
74. 90 5. ,91 
74. 11 6. ,07 
63. 63 8. ,30 
54. 95 5. ,39 
121. 46 1. .43 
113. 02 1. .62 
101. 73 1, .93 
91. 78 2, .29 
79. 31 2, .92 
66. .97 4. .01 
46. .06 6 .65 
59. ,99 1. .71 
91. .90 1 .04 
84. .39 1 . 19 
75. .91 1 .42 
67. .98 1 .55 
42. .69 2 .58 
62, .92 0 .82 
55. .37 0 .94 
46, .07 1 .04 
124 .14 3 .80 
115 .65 4 .53 
106 .95 5 .49 
99 .20 6 .60 
Concentration 
(mass fraction R-22) 
0.098 
0.087 
0.088 
0.090 
0.091 
0.093 
0.094 
0.094 
0.095 
0.189 
0.171 
0.173 
0.176 
0.178 
0.182 
0.186 
0.192 
0.337 
0.326 
0.329 
0.332 
0.334 
0.341 
0.488 
0.491 
0.493 
0.000 
0.000 
0.000 
0.000 
Temperature 
(C) 
91.38 
82.71 
73.80 
64.52 
61.36 
60.29 
47.97 
Table B.20 (Continued) 
Viscosity 
(cP) 
Concentration 
(mass fraction 
8.09 0.000 
10.82 0.000 
14.99 0.000 
21.50 0.000 
25.02 0.000 
26.35 0.000 
49.87 0.000 
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Table B.21: Experimental density data for R-22 and lubricant H solut 
Temperature 
(C) 
Density 
(g/mL) 
Concentration 
(mass fraction R-22) 
52.68 0.865 0.098 
122.99 0.817 0.087 
114.75 0.822 0.088 
103.46 0.830 0.090 
93.49 0.837 0.091 
83.30 0.845 0.093 
73.53 0.851 0.094 
72.69 0.852 0.094 
61.50 0.859 0.095 
52.23 0.901 0.189 
121.46 0.846 0.171 
113.02 0.853 0.173 
101.73 0.861 0.176 
91.56 0.869 0.178 
78.24 0.879 0.182 
65.07 0.891 0.186 
42.73 0.908 0.192 
57.61 0.924 0.337 
91.69 0.891 0.326 
83.67 0.900 0.329 
74.61 0.908 0.332 
66.14 0.916 0.334 
39.13 0.944 0.341 
60.74 0.954 0.488 
52.68 0.959 0.491 
42.74 0.977 0.493 
124.14 0.808 0.000 
115.65 0.813 0.000 
106.95 0.818 0.000 
99.20 0.823 0.000 
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Table B.21 (Continued) 
Temperature 
(C) 
Density 
(g/mL) 
Concentration 
(mass fraction 
91.13 
81.87 
72.36 
64.06 
58.68 
57.94 
45.06 
0.828 
0.834 
0.839 
0.844 
0.848 
0.848 
0.856 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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Table B.2: 2: Experimental solubility (vapor pressure) data for R-134a and lul: 
J solutions 
Temperature 
(C) 
Pressure 
(MPa) 
122.02 0.0000 
112.72 0.0000 
103.14 0.0000 
93.92 0.0000 
83.78 0.0000 
75.08 0.0000 
64.60 0.0000 
55.87 0.0000 
46.22 0.0000 
41.88 0.0000 
76.07 0.6798 
126.16 1.2709 
116.48 1.1515 
106.30 1.0250 
95.82 0.8953 
86.38 0.7894 
76.06 0.6744 
65.96 0.5687 
55.97 0.4744 
46.01 0.3884 
40.63 0.3449 
126.33 2.3679 
115.44 2.0964 
104.78 1.8443 
93.94 1.5930 
82.73 1.3441 
72.20 1.1320 
60.68 0.9136 
50.65 0.7530 
44.91 0.6667 
106.49 2.7265 
Concentration 
(mass fraction R-134a) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.093 
0.082 
0.084 
0.086 
0.089 
0.091 
0.093 
0.096 
0.098 
0.100 
0.101 
0.161 
0.165 
0.169 
0.174 
0.179 
0.183 
0.187 
0.191 
0.192 
0.262 
Table B.2‘2 (Continued) 
perature Pressure Concentr 
(C) (MPa) (mass fr 
120.97 3.2826 0.253 
111.23 2.9028 0.259 
100.12 2.4737 0.265 
89.14 2.0730 0.272 
78.47 1.7318 0.278 
67.72 1.4214 0.283 
58.89 1.1937 0.287 
49.35 0.9705 0.290 
42.26 0.8263 0.293 
99.32 3.0273 0.358 
88.12 2.4866 0.366 
77.05 2.0217 0.372 
67.45 1.6727 0.376 
58.82 1.3950 0.379 
48.72 1.1106 0.383 
41.04 0.9216 0.385 
41.22 0.9263 0.385 
94.83 3.2288 0.465 
86.04 2.7214 0.469 
76.44 2.2410 0.472 
67.61 1.8631 0.474 
58.46 1.5237 0.476 
48.55 1.2116 0.478 
40.76 1.0039 0.479 
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Table B.23: Experimental viscosity data for R-134a and lubricant J solut 
Temperature 
(C) 
Viscosity 
(cP) 
Concentration 
(mass fraction R-134a) 
122.02 
112.72 
103.14 
93.99 
84.49 
76.35 
66.53 
58.36 
49.32 
45.26 
75.73 
122.29 
113.01 
103.24 
93.18 
84.81 
75.55 
66.57 
57.59 
48.73 
44.12 
122.48 
112.07 
101.93 
91.79 
81.74 
72.35 
62.05 
53.23 
48.18 
103.59 
2.89 
3.38 
4.04 
4.83 
6.01 
7.23 
9.50 
11.79 
15.28 
18.02 
4.73 
2.01 
2.34 
2.73 
3.21 
3.80 
4.62 
5.63 
6.96 
8.73 
10.41 
1.47 
1.67 
1.94 
2.25 
2.65 
3.19 
4.25 
4.82 
5.57 
1.27 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.093 
0.082 
0.084 
0.086 
0.089 
0.091 
0.093 
0.096 
0.098 
0.100 
0.101 
0.161 
0.165 
0.169 
0.174 
0.179 
0.183 
0.187 
0.191 
0.192 
0.262 
182 
Table B.23 (Continued) 
emperature 
(C) 
Viscosity 
(cP) 
Concentration 
(mass fraction 
117.47 1.07 0.253 
108.41 1.20 0.259 
97.71 1.38 0.265 
87.65 1.59 0.272 
78.15 1.85 0.278 
68.60 2.20 0.283 
60.74 2.54 0.287 
52.20 3.03 0.290 
45.85 3.47 0.293 
97.16 0.94 0.358 
86.71 1.13 0.366 
76.77 1.37 0.372 
68.19 1.47 0.376 
60.42 1.67 0.379 
51.33 1.97 0.383 
44.31 2.48 0.385 
44.46 2.36 0.385 
93.37 0.61 0.465 
85.39 0.69 0.469 
76.62 0.79 0.472 
68.64 0.90 0.474 
60.29 1.00 0.476 
51.24 1.20 0.478 
44.16 1.39 0.479 
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Table B.24: Experimental density data for R-134a and lubricant J solut 
Temperature 
(C) 
Density 
(g/mL) 
Concentration 
(mass fraction R-134a) 
122.02 
112.72 
103.14 
93.92 
83.78 
75.08 
64.60 
55.87 
46.22 
41.88 
74.42 
122.29 
113.01 
103.24 
93.06 
84.12 
74.23 
64.64 
55.05 
45.59 
40.66 
122.48 
112.07 
101.93 
91.57 
80.84 
70.81 
59.81 
50.39 
45.00 
103.59 
0.924 
0.925 
0.936 
0.943 
0.950 
0.956 
0.963 
0.970 
0.977 
0.980 
0.988 
0.948 
0.956 
0.964 
0.973 
0.981 
0.989 
0.998 
1.006 
1.011 
1.016 
0.957 
0.966 
0.976 
0.985 
0.994 
1.004 
1.015 
1.022 
1.028 
0.983 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.093 
0.082 
0.084 
0.086 
0.089 
0.091 
0.093 
0.096 
0.098 
0.100 
0.101 
0.161 
0.165 
0.169 
0.174 
0.179 
0.183 
0.187 
0.191 
0.192 
0.262 
L85 
Temperature 
(C) 
117.47 
108.41 
97.71 
87.15 
77.01 
66.81 
58.41 
49.29 
42.51 
97.16 
86.15 
75.53 
66.37 
58.07 
48.36 
40.87 
41.02 
93.26 
84.74 
75.37 
66.85 
57.93 
48.27 
40.71 
Table B.24 (Continued) 
Density 
(g/mL) 
Concentr 
(mass fr 
0.971 0.253 
0.980 0.259 
0.993 0.265 
1.006 0.272 
1.017 0.278 
1.028 0.283 
1.037 0.287 
1.047 0.290 
1.054 0.293 
1.005 0.358 
1.018 0.366 
1.031 0.372 
1.037 0.376 
1.052 0.379 
1.063 0.383 
1.072 0.385 
1.072 0.385 
1.017 0.465 
1.029 0.469 
1.042 0.472 
1.055 0.474 
1.067 0.476 
1.081 0.478 
1.092 0.479 
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Table B.25: Experimental solubility (vapor 
K solutions 
Temperature Pressure 
(C) (MPa) 
121.72 0.0000 
111.62 0.0000 
101.30 0.0000 
91.26 0.0000 
82.90 0.0000 
74.61 0.0000 
65.51 0.0000 
58.20 0.0000 
48.94 0.0000 
127.95 1.3968 
117.58 1.2556 
106.89 1.1105 
96.32 0.9700 
85.84 0.8399 
76.13 0.7177 
67.20 0.6198 
58.37 0.5354 
48.36 0.4273 
37.47 0.3326 
37.16 0.3303 
125.96 2.7083 
115.68 2.4144 
104.13 2.0659 
93.82 1.7775 
85.04 1.5540 
75.96 1.3358 
66.74 1.1286 
57.09 0.9565 
48.92 0.7886 
41.46 0.6672 
38.82 0.6190 
128.68 1.3975 
117.71 1.2428 
pressure) data for R-134a and luh 
Concentration 
(mass fraction R-134a) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.089 
0.091 
0.093 
0.095 
0.098 
0.100 
0.102 
0.103 
0.106 
0.108 
0.108 
0.187 
0.191 
0.195 
0.200 
0.203 
0.206 
0.210 
0.212 
0.215 
0.217 
0.218 
0.089 
0.091 
Table B.25 (Continued) 
iperature Pressure 
(C) (MPa) 
107.04 1.1027 
96.04 0.9593 
85.14 0.8228 
76.20 0.7204 
66.81 0.6106 
58.09 0.5247 
48.74 0.4306 
39.02 0.3473 
38.59 0.3432 
125.44 2.6639 
114.51 2.3430 
103.46 2.0284 
93.62 1.7652 
76.60 1.3500 
85.37 1.5587 
67.59 1.1495 
57.94 0.9493 
49.16 0.7907 
43.54 0.6996 
101.62 3.0152 
94.37 2.6664 
94.26 2.6588 
85.36 2.2684 
76.34 1.9165 
67.51 1.6050 
58.30 1.3184 
48.91 1.0641 
39.74 0.8486 
39.59 0.8452 
29.27 0.6408 
98.37 3.3686 
87.38 2.7057 
76.80 2.1837 
Concentration 
(mass fraction R- 
0.093 
0.096 
0.099 
0.101 
0.103 
0.105 
0.107 
0.109 
0.110 
0.187 
0.192 
0.197 
0.201 
0.208 
0.204 
0.212 
0.216 
0.219 
0.221 
0.336 
0.341 
0.341 
0.346 
0.350 
0.354 
0.357 
0.360 
0.363 
0.363 
0.365 
0.447 
0.451 
0.455 
189 
Table B.25 (Continued) 
iperature Pressure Concentr 
(C) (MPa) (mass fr 
67.37 1.7811 0.457 
58.19 1.4514 0.459 
48.41 1.1496 0.461 
41.33 0.9639 0.462 
103.90 0.0000 0.000 
100.75 0.0000 0.000 
91.60 0.0000 0.000 
83.87 0.0000 0.000 
76.49 0.0000 0.000 
67.56 0.0000 0.000 
61.12 0.0000 0.000 
59.44 0.0000 0.000 
51.95 0.0000 0.000 
47.41 0.0000 0.000 
41.56 0.0000 0.000 
39.28 0.0000 0.000 
39.06 0.0000 0.000 
38.06 0.0000 0.000 
35.46 0.0000 0.000 
114.80 1.2808 0.097 
104.71 1.1278 0.098 
96.52 1.0102 0.100 
85.61 0.8608 0.102 
76.37 0.7553 0.103 
67.54 0.6519 0.104 
59.20 0.5755 0.105 
52.62 0.4926 0.107 
46.57 0.4223 0.108 
39.01 0.3572 0.109 
37.50 0.3496 0.109 
34.49 0.3231 0.110 
128.13 2.8099 0.188 
117.09 2.4532 0.191 
190 
Temperature 
(C) 
106.38 
95.46 
86.42 
77.18 
68.42 
58.45 
58.44 
50.33 
43.12 
38.26 
28.73 
110.84 
103.64 
94.94 
86.24 
77.95 
67.85 
58.69 
58.72 
48.98 
45.02 
34.63 
Table B.25 (Continued) 
Pressure Concentr 
(MPa) (mass fr 
2.1299 0.194 
1.8166 0.197 
1.5739 0.200 
1.3440 0.202 
1.1475 0.204 
0.9380 0.207 
0.9380 0.207 
0.7936 0.208 
0.6608 0.210 
0.6011 0.211 
0.4639 0.213 
3.2796 0.299 
3.0426 0.300 
2.6128 0.303 
2.1729 0.307 
1.8586 0.309 
1.5166 0.311 
1.2467 0.313 
1.2473 0.313 
0.9986 0.315 
0.9095 0.316 
0.6980 0.317 
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Table B.26: Experimental viscosity data for R-134a and lubricant K solut 
Temperature 
(O 
Viscosity 
(cP) 
103.90 5.98 
100.75 6.46 
91.60 8.07 
83.87 9.21 
76.49 11.28 
67.56 15.83 
61.12 19.57 
59.44 19.21 
51.95 25.10 
47.41 30.29 
41.56 38.78 
39.28 42.99 
39.06 43.12 
38.06 45.09 
35.46 51.70 
111.17 3.05 
101.82 3.63 
94.59 4.28 
84.60 5.21 
76.13 5.81 
68.33 7.77 
61.17 9.46 
55.37 11.17 
48.92 12.55 
42.50 17.01 
41.70 17.46 
38.88 17.30 
124.02 1.60 
113.73 1.67 
104.02 2.00 
94.06 2.68 
Concentration 
(mass fraction R-134a) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.097 
0.098 
0.100 
0.102 
0.103 
0.104 
0.105 
0.107 
0.108 
0.109 
0.109 
0.110 
0.188 
0.191 
0.194 
0.197 
193 
Table B.26 (Continued) 
Temperature Viscosity 
(C) (cP) 
85.82 2.77 
77.36 3.63 
69.45 4.27 
60.07 4.84 
60.07 4.85 
52.95 5.75 
46.03 6.95 
42.36 7.75 
34.03 10.08 
108.56 1.23 
101.88 1.23 
93.70 1.41 
86.06 1.61 
78.83 1.84 
69.33 2.21 
60.73 2.68 
60.76 2.68 
51.12 3.61 
47.81 3.54 
38.38 4.56 
Concentration 
(mass fraction R-134a) 
0.200 
0.202 
0.204 
0.207 
0.207 
0.208 
0.210 
0.211 
0.213 
0.299 
0.300 
0.303 
0.307 
0.309 
0.311 
0.313 
0.313 
0.315 
0.316 
0.317 
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Table B.27: Experimental density data for R-134a and lubricant K solut 
Temperature 
(C) 
Density 
(g/mL) 
Concentration 
(mass fraction R-134a) 
121.72 0.910 0.000 
111.62 0.916 0.000 
101.30 0.924 0.000 
91.26 0.931 0.000 
82.90 0.937 0.000 
74.61 0.942 0.000 
65.51 0.950 0.000 
58.20 0.957 0.000 
48.94 0.961 0.000 
123.70 0.926 0.089 
113.89 0.935 0.091 
103.73 0.943 0.093 
93.78 0.951 0.095 
83.78 0.959 0.098 
74.42 0.966 0.100 
65.95 0.973 0.102 
57.49 0.979 0.103 
47.80 0.986 0.106 
37.05 0.996 0.108 
36.75 0.996 0.108 
122.02 0.945 0.187 
112.29 0.953 0.191 
101.13 0.964 0.195 
91.16 0.973 0.200 
82.74 0.981 0.203 
74.07 0.989 0.206 
65.26 0.997 0.210 
55.47 1.006 0.212 
48.43 1.013 0.215 
41.04 1.019 0.217 
38.39 1.022 0.218 
124.34 0.923 0.089 
113.84 0.932 0.091 
196 
Table B.27 (Continued) 
perature Density 
(C) (g/mL) 
103.70 0.940 
93.19 0.948 
82.80 0.956 
74.33 0.964 
65.36 0.973 
57.12 0.979 
48.23 0.987 
39.00 0.996 
38.29 0.994 
121.53 0.945 
111.05 0.955 
100.46 0.965 
91.08 0.975 
74.99 0.988 
83.36 0.981 
66.38 0.996 
57.14 1.005 
48.75 1.013 
43.44 1.018 
99.31 0.986 
92.30 0.994 
92.10 0.994 
83.55 1.003 
75.06 1.013 
66.56 1.023 
57.72 1.033 
48.65 1.044 
39.70 1.054 
39.55 1.054 
29.36 1.089 
96.93 0.997 
86.00 1.013 
75.76 1.027 
Concentration 
(mass fraction R-134a) 
0.093 
0.096 
0.099 
0.101 
0.103 
0.105 
0.107 
0.109 
0.110 
0.187 
0.192 
0.197 
0.201 
0.208 
0.204 
0.212 
0.216 
0.219 
0.221 
0.336 
0.341 
0.341 
0.346 
0.350 
0.354 
0.357 
0.360 
0.363 
0.363 
0.365 
0.447 
0.451 
0.455 
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Table B.27 (Continued) 
perature Density Concentr 
(C) (g/mL) (mass fr 
66.51 1.039 0.457 
57.63 1.051 0.459 
48.09 1.064 0.461 
41.23 1.073 0.462 
104.76 0.922 0.000 
101.39 0.925 0.000 
91.67 0.931 0.000 
83.34 0.936 0.000 
74.98 0.942 0.000 
65.80 0.949 0.000 
58.19 0.955 0.000 
57.63 0.955 0.000 
49.32 0.962 0.000 
44.42 0.965 0.000 
38.48 0.969 0.000 
35.46 0.970 0.000 
35.77 0.970 0.000 
34.32 0.971 0.000 
31.40 0.973 0.000 
111.97 0.934 0.097 
102.15 0.941 0.098 
94.20 0.948 0.100 
83.71 0.956 0.102 
74.71 0.964 0.103 
66.40 0.970 0.104 
58.48 0.976 0.105 
52.29 0.980 0.107 
46.23 0.986 0.108 
39.06 0.992 0.109 
38.19 0.992 0.109 
34.96 0.995 0.110 
125.12 0.939 0.188 
114.38 0.948 0.191 
198 
Table B.27 (Continued) 
perature Density Concentr: 
(C) (g/mL) (mass fr 
104.02 0.957 0.194 
93.46 0.966 0.197 
84.75 0.974 0.200 
75.85 0.982 0.202 
67.45 0.990 0.204 
57.86 0.998 0.207 
57.85 0.998 0.207 
50.08 1.005 0.208 
43.15 1.011 0.210 
38.82 1.016 0.211 
28.98 1.025 0.213 
108.97 0.971 0.299 
101.60 0.975 0.300 
93.11 0.988 0.303 
84.87 0.997 0.307 
76.88 1.005 0.309 
67.15 1.015 0.311 
58.29 1.025 0.313 
58.35 1.025 0.313 
48.76 1.036 0.315 
45.01 1.040 0.316 
35.11 1.051 0.317 
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